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General and Physical Chemistry. 


A New Method of Expressing the Formulae of Line Spectra 

Alfred Lartigue (Compt. mu/., 19)9, 169, 911 — 915). — Tn place 
of the general formula 10 s A = /A - 1 . </-) waves per cm., the 
author proposes to use the formula \„ = (4 x 10 , /.V () ) (p/2)'[2/p+ 
m-l/()« + 2/f)] Angstroms, where m-q-p. W. G. 

Luminous Phenomena Observed in the Neighbourhood 
)i a Plate of Graphite raised to a High Temperature by 
neans of an Electric Current. G. A. Hemsalech (Compt. 
'riitl., 1919, 169 , 915 — 918), — A sheet of graphite 0'95 mm. thick 
had its upper surface covered with a thin layer of carborundum 
powder, and an electric current was passed through it. As the 
temperature of the plate increased, when it became incandescent, 
yellow vapours appeared above the plate and were carried upwards 
bv the air convection currents. When the temperature of the 
plate reached 2500 — 2700°, the space bounded by the plate and 
the air convection currents became filled with a luminous vapour 
which gave a spectrum composed of rays and bauds, whilst the 
yellow vapours became blue and also luminous, and gave a con- 
tinuous spectrum. When the temperature of the plate reached 
3009°, a red fringe appeared on its lower surface and in contact 
with it, and was formed by the passage of an electric current 
through the conducting vapours. Its position could be controlled 
VOTr. CXVTIT. ii. 1 
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by means of the magnetic field from a powerful electro-magnet. 
This red fringe is of electrical origin, and is probably due to a 
current of electrons, which decompose the molecules and create 
centres of emission differing from those of the luminous vapour. 

W. G. 

The Spectra Emitted by the Red Fringe and the Luminous 
Vapour in the Neighbourhood of an Incandescent Plate 
of Graphite. G. A. Hemsalech (Compt. rend., 1919, 169, 
1034 — 1036). — It has previously been shown that the luminous 
vapour and red fringe obtained when a plate of graphite is raised 
by an electric current to high temperatures emit discontinuous 
spectra (preceding abstract). These spectra have now been 
examined in detail, and the rays which have been detected are. 
given and the influence of a magnetic field on the centres of 
emission examined. The spectra of bands and rays, obtained under 
the experimental conditions, owe their origin to two different types 
of centres of emission: (1) Those created by the action of heat on 
the carbides of the metals, the spectrum of which is regulated by 
the temperature of the graphite plate. The centres of emission 
are not sensibly influenced by a magnetic field. (2) Those pro- 
duced by the thermo-electric current, the spectrum of which is 
regulated both thermally and electrically. The centres of emission 
are, in this case, very sensitive to magnetic forces. W. G. 

Reduction Spectra, and in particular that of Magnesium 
and its Compounds. J. Meunikr {Bull. Soc. Ckim., 1919, [iv], 
25, 562 — 565). — Using the method previously described, by reduc- 
tion iu a hydrogen flame (compare A., 1919, ii, 132) the author 
finds in the ultraviolet region the band composed of the rays 
A = 3810, 3829. 3833, 3838, 3851, 3858, 3861, and another hand 
consisting of the rays A =3885, 3912, 3940, 3960, 3980. Nine other 
rays between A = 3700 and 3780 have been noticed and their wave- 
lengths approximately determined. Of the salts of magnesium, 
the chloride, oxychloride, sulphate, nitrate, oxide, and carbonate 
gave the above spectrum. The pyrophosphate is not. apparently, 
reduced under these conditions and does not give the above 
spectrum, phenomena of incandescence, corresponding with the con- 
tinuous spectrum, being produced. 

In some cases, the y-ray in the neighbourhood of A = 5003, and 
the broad magnesium ray, A = 4702, are obtained. W. G. 

The X-ray Spectrum of Tungsten. M. i>e Broglie ( Compl . 
rend., 1919, 169, 962 — 965).- -Certain observations, as a result of 
a long series of experiments, are made on the results of Overn and 
of Siegbahn (A., 1919. ii, 488) on the spectrum of tungsten. Some 
of the lines mentioned by Overn the author has not found, whilst 
on the other hand he has observed certain rays not mentioned by 
Overn. 

For the purpose of obtaining weak bands, the author advocates 
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tiie use of a metal shutter pierced with a slit and travelling in 
front of the sensitive plate with a velocity such that, during the 
rotation of the crystal, the reflected ray passes continuously through 
the slit. W. G. 

Relative Brightness of Dark Radiation at the Melting 
Points of Gold and Palladium. Fr. Hoffmann aud W. Meissner 
[Ann, Pht/sik, 1919, [iv], 60 , 201 — 232). — The relative brightness 
of the dark radiation at the melting points of gold and palladium 
has been measured by two different methods: iirst, by use of an 
improved hollow radiator constructed on the Lummer-Kurlbaum 
principle, whereby the melting point was determined inside the 
radiator by the wire method ; secondly, by use of a hollow radiator 
which was immersed in the molten metal. The measurements of 
brightness were made with a Konig-Martens spectrophotometer. The 
relative brightness at the melting points of gold and palladium is 
expressed by 81*5 at the wave-length of 0*6563 p. The palladium 
used had the same melting point as that used by Day and Sosman 
in the gas thermometric measurements. Palladium prepared by 
repeated precipitation of the ammonium double chloride by means 
of mercury cyanide gave a very constant melting point, and would 
serve excellently as a fixed point for temperature determinations. 
Using c = 14,300 as the radiation constant and 1003° as the melt- 
ing point of gold, it is found that 1557° is the melting point of 
palladium. This value is about 8° higher than Day and Sosman J s 
figure, 1549*2°. J. F. S. 

The Ozonogenic Power of the Solar Radiation at the 
Altitude of the Observatory of Mont Blanc. Raoul Bayeux 
(Compt. rend., 1919, 169 , 957 — 959). — At an altitude of 4360 
metres, the solar radiation does not cause the polymerisation of 
oxygen to ozone. W. G. 

The Absorption of Light by Gases. G. Ribaud (Ann, 
I'/itfiHjtte, 1919, [ix], 12 , 107 — 226). — A study of the continuous 
absorption by bromine vapour in the ultraviolet portion of the 
spectrum, the conditions being varied as much as possible, the 
temperature range rising to 620°. The observed experimental 
curves show notable systematic divergences from the theoretical 
curves based on the electromagnetic theory of absorption, the 
weakening (amortissement), in particular, calculated for the 
different regions of the curve, not having the same value. The 
kinetic theory does not apply to the broad, continuous regions ot 
absorption, and the mechanism of the absorption must be sought 
in the molecule itself. The author is of the opinion that the 
weakening (amortissement) can be explained by the disturbances of 
the electron in the interior of the molecule. This conception permits 
of an explanation of the fact that the breadth of the bands goes on 
increasing from the ultraviolet to the infra-red. 

It is shown that Konigsberger’s law, that the breadth of the 

1—2 
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band is proportional to the square root of the temperature, must 
be rejected. 

In the last part of the paper it is shown that the absorption by 
the rays of bromine vapour is in close accord with a kinetic theory 
of absorption, and, in this case, the mobile corpuscle containing 
the electron is, in all probability, the molecule itself. The 
magneto-optical properties of the vapours of bromine and iodine 
in the neighbourhood of the absorption rays have been studied 
and it is shown that the rotatory phenomenon observed in the 
neighbourhood of these rays in iodine vapour is due to a verv 
weak Zeeman effect. The smallness of this effect agrees moderately 
well with the small values observed for the ratio ejm in the 
absorption study. W. Gf. 

Chemical Actions of Light. E. Sernagiotto (Atti B. Accad, 
Lincei, 1919, [v], 28, i, 432- -436). — When subjected to prolonged 
exposure to light, ethyl alcohol does not undergo oxidation, but in 
presence of oxalic acid it is slowly oxidised in the light, yielding 
carbon dioxide and formic and acetic acids. Under similar con- 
ditions, glycerol (8 grams) gives carbon dioxide, together with 
other oxidation products equivalent, in their reducing action on 
Fehling's solution, to 0-351 gram of dextrose. When exposed to 
light in an atmosphere of oxygen and in presence of water, 
thiophen yields carbon dioxide and formic, oxalic, and sulphuric 
acids. Similarly, a benzene solution containing benzophenone and 
dibenzyl gives rise to beuzophenonepinacone and triphenylbenii/l- 
ethanol [aafiy-tctrapk en yl propyl alcohol], OH’CPh.^CHPlvCHoPh, 
which crystallises in long needles, m. p. 165°. In the light, benzo- 
quinone and toluene react to form quinol, quinhy drone, and a small 
proportion of benzaidehyde. Acetone and woamyl alcohol also read 
under these conditions, the products identified being (1) wopropyl 
alcohol; (2) dl?nethi/h&ohiitt/Utht/lene r/hjcol [fo-dimethylhexanc- 
$ r <liol\, OH Me./ CHo’CII (OH ) ’CMerOH, b. p. 136— 137°/8I mm.. 

(3) iJiisobutt/letfn/hnc t/h/col [J3i filimethyloctaHe-tie-diol], 

CHM%'CH 2 , CH(6H) , CH(0H)»CTVCII Me*, 
m. p. 92°, which is formed in accordance with the equations: 
CIL)*COMe+ CHMe./CH.>‘OH.>*OH - 

CHMa/OH + CHMeo'CIL’CIIO; 

the latter 

+ CHMe* , CH«*CH.> , OH = 

CHMe 3 -CH 2 -CH(OH)-CH(OH)*CH 2 *CHMe ! . 

(4) resinous products not identified. T. H. P. 

Photochemical Studies. V. Triboluminescence. Job 

Plotnikow (Brametheus, 1919. 30, 235 — 236; from Chew. Aentr.. 
1919, iv, 462 — 463). — An apparatus is described with which tri 
boluminescence can be excited under constant, comparable condi- 
tions. The triboluminiscope consists of a marble cylinder on whic 
a thick glass plate is pressed, the pressure being regulated by two 
screws. The substance under investigation is placed between t e 
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plate and the cylinder, and, on rotation of the latter, becomes 
ground at the point of contact. If the substance is tribolumin- 
escent, an illuminated band appears which shines continuously if 
the rotation is uniform. A special type of camera intended for 
use in photographing the band is also described. If the substances 
under investigation are hard enough to abrade the apparatus, the 
latter is formed from an agate cylinder and a quartz plate. For 
purposes of demonstration, the use of salophen, which gives a pale 
green triboluminescence, is recommended. H. W 

Relationship between the Range and the Life of a-Rays. 

F. Kikchof (Zeitfch. phyiiknl. Client., 1919. 93. 619— 622).— It is 
shown that the range of the a ray emitted by all radioactive 
elements is shorter the greater the life of the atom producing it. 
On plotting the range against the half-life, three similar curves 
are obtained, one for each radioactive family. On plotting the 
logarithms of the range against the logarithms of the half-life, 
curves are obtained which indicate that, with a range, zero, the 
life is not infinitely large, but has a finite value about ID 15 — 10 18 
rears. Applying this result to Raff, the author concludes that 
it is disintegrating at the above-named rate, but that its o-ray has 
no penetrating power. It is also deduced that the n-rays 'from 
isotopes have not the same range, but values corresponding with 
their own family. j p g 

The Radioactivity oi Uranium. Charles Staeiiling (Compt, 
rend., 1919. 169. 1036- — 1039b— The oxides of uranium studied 
were obtained from different sources after careful purification and 
subsequent, calcination either of urauyl nitrate or ammonium 
nitrate. The activities of such oxides were followed over the 
period from January 13th. 1913, to July 18th. 1911. and a further 
series of measurements were made in November, 1919. AH the 
oxides studied showed a lowering in penetrating activity varying 
from 1 to 30'7%, and the curves indicate that half the lowering 
took place in 6*2 mouths. The lowering was, greatest in the case 
of the green oxides and least with the black oxides. In the case 
of a blackish-green oxide, which showed a lowering from 5'95 to 
4'64; when this oxide was dissolved in nitric acid and the nitrate 
again calcined, giving the black oxide, the activity rose again to 
,V90. If then this oxide was converted into the green oxide by 
passage through ammonium uranate, it retained its high restored 
activity. Renewing the surfaces of the disks did not modify the 
activities observed. \y. (; 

Dependence of the Di electric Constant of Gases on 

Temperature. Hans Riegger (Ann. Physik, 1919, [iv], 59, 
m.l—760b — The dielectric constants for air. hydrogen, methane, 
carhon dioxide, and carbon monoxide have been measured at, low 
temperatures, and a series of pressures (200 760 nim.1 bv 
Mandelstam s dynamometer method (find., 1910. 33, 490). The 
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results arc calculated to 760 mm. pressure in each case by the 
formula (e, — 1) / (es. — 1) =/>j/ and tho values for e-1 found as 
follows: air ( — 185-6°), 0 001902; hydrogen (-191°), 0 ' 000928 ; 
methane (-154°), 0 00216; carbon dioxide (-73°), 0001392; 
carbon monoxide ( — 189°). 0 002633. The values are compared in 
all cases with those at ordinary temperatures (16 — 18'5°) and 7G0 
mm. pressure. «T. F. S. 

The Theory ot Electrolytic Ions. XI. The Limiting 
Values of Molecular Conductivity and their Determination. 

Richard Lorenz (ZeitscJi. nnorij. Cheat., 1919, 108. 81 — 110). — 
The limiting value, , of electrical conductivity can be calculated 
from the so-called Ostwald-Bredig rule, =/i + A, where A varies 
with the dilution at which /i is observed The values of A were 
determined empirically for the sodium salts of different acids and 
the chlorides of different bases by Bredig, and are given in his 
tables for dilutions from 32 to 1024. Two formula were given 
by Kohlrausch for calculating a r , (1) for very high dilutions. 
/a x - n = «[/ ?„]’>, and (2) for less high dilutions, -p — 6[A 0 ]t, in 
which [Ay is the concentration of the salt and a and b are con- 
stants. A statistical study of the data available for a very large 
number of organic cations of the ammonium type has now been 
made with the object of determining which of these formula gives 
the most reliable values of \>. f _ . Both graphic and algebraic 
methods were used in applying the two Kohlrausch formula, and 
the values found for the constants a am! h were practically the same 
by both methods. It was found that n and b are undoubtedly 
“universal” constants, since the deviations from the mean value 
show no relation to the constitution of the ions. The mean values 
are a, 91 '54; h, 5S"2. The values of A in the Ostwald-Bredig 
formula can be calculated from cither of the above equations when 
the constants are known. When compared with the values given bv 
Bredig. those obtained from (he first equation show the best agree- 
ment, but this is no proof of their superiority. The two equations 
give slightly different values for |i„ . hut it is impossible to decide 
which is the more dccurate. From the study of the data for a 
number of inorganic salts, it was similarly impossible to decide 
between the two formula;. b FI . II 

The Theory of Electrolytic Ions. XII, The Limiting 
Values of Molecular Conductivity and Kohlrausch’s Extra 
polation Law. Richard Lorenz (Zeilseh, atiorg. Chem., 1919, 
108, 191 — 210. Compare preceding abstract). — For the determina- 
tion of A from the relation g x p ■ A . values of A are given in 
Bredig s tables for dilutions from 32 (o 1024, these values being 
applicable to all sodium salts of univalent anions and all chlorides 
of univalent cations. Bredigs values for A were arrived at. empiri 
eally, but they can lie calculated from Kohlrausch s equation. 
Hx T o[S )l jt This calculation has been made for a large munfei 
of inorganic salts, tile conductivities of which have been accurately 
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determined, and when the values of A so obtained are compared 
with those given by Bredig, considerable disagreement is found. 
Tt is shown on theoretical grounds that Bredig’s rule is unsound; 
it gives only a rough approximation to the true value of . A 
critical examination of Kohlrausch’s conductivity measurements of 
inorganic salts shows that the formula -p = a[,S' 0 ]i expresses the 
results with a high degree of precision for dilutions from 10,000 to 
100 , whilst from 100 to 10 the formula n K -|i-&[S 0 ]i is better. A 
more general expression is -p=A[,S' 0 ]“ where .1 and n are func- 
tions of the dilution. Whilst in the series of salts of univalent 
organic cations, the constants a and h of the above extrapolation 
formulae retain the same value throughout the series (see preceding 
abstract) , in the case of the inorganic salts of univalent cations the 
values of these constants increase with the atomic weight of the 
cation in a series such as that from lithium nitrate to caesium nitrate. 

E. H. B. 

Conductivity. V. Measurement of the Conductivity of 
Solutions. II. I. Scrlbsinger and F. H. Read (J. Amer. Ghent. 
Soc.. 1919, 41, 1727 — 1732). — It is shown that although the minima 
ohtained in the measurement of the electrical resistance of solutions 
may be perfectly shaip. nevertheless the results may be incorrect. 
This difficulty can be overcome by placing the telephone across the 
ends of the bridge wire and using an air condenser in parallel with 
the smaller capacity. It is also shown that the ‘'cell-constant” 
might to be determined from solutions which cover the whole range 
of resistance eventually to be measured. J. F. S. 


Equilibria Across a Copper Ferrocyanide and an Amyl 
Alcohol Membrane. Frederick George Doss-ax and William 

Edward Garner (T., 1919. 115, 1313 — 1323). 


The Action Exerted by Antagonistic Electrolytes on the 
Electrical Resistance and Permeability of Emulsion Mem- 
branes. G. H. A. Clowes (Free. Soc. Expt. Biol. Med., 1918, 15, 
108 — 111). — The author brings forward various experimental data 
derived from electrical conductivity and permeability experiments 
with artificial emulsion membranes in support of his contention 
that variations in the permeability of the protoplasmic membrane 
are attributable to the action of electrolytes and metabolic products 
on delicately balanced interfacial soap films and emulsion systems 
and thal proteins play no part in the valve-like mechanism control- 
ling permeability other than to afford a supporting filamentous or 
mesh-like structure. In support of this it. is further pointed out 
that when blood plasma is doited !>v the addition of calcium 
chloride no considerable change in electrical resistance is noted, 
whilst, in the transformation of ail emulsion of oil in water into one 
ot water in oil by shaking with calcium chloride the resistance 
suddenly rises to an enormous extent at the critical puint at which 
oil becomes Ihe continuous or external phase. This all tits in with 
l ic well known fact that alkalis, salts of sodium, potassium, etc.. 
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promote the permeability of tissues whilst salts of calcium, mag- 
nesium, and other bi- and tor-valent cations exert the reverse effect, 
also with the high potassium content and low calcium content of 
rapidly growing tumours and the reverse relation in slow-growing 
or stationary tumours. Chemical Abstracts. 

Phenomenon after Anodic Polarisation. I. A. Surra, 
G. L. C. La Bastide, and J A. van den Andel ( Proc . K. A kad. 
Wefensch. Amsterdam, 1919, 22, 82 — 88). — When the metals iron, 
nickel, and chromium are anodically polarised in solutions of their 
salts, using a current density of a definite value, and the potential 
measured after the polarising current has been broken, it is found 
that the potential passes through a minimum and then rises to the 
value before polarisation. Similar experiments with copper and 
silver did not produce the same effect, so that it appears this 
phenomenon is only shown in solutions where ions of two stages of 
oxidation exist or may exist. To test this point the experiment was 
repeated with iron, using a solution of ferrous chloride, which had 
been freshly boiled with iron powder, an atmosphere of hydrogen 
being used. The results show that the minimum potential is no 
longer observed, and that qualitatively, at least, iron behaves 
like copper and silver. J. F. S. 

Potentials of the Zinc and Cadmium Electrodes. W. 

Grenville Horsch (J. Amrr. Chem. Sor.. 1919, 41, 1787- — 1800). 
—The E.M.F. of the following cells has been determined at 25°: 
Zn | ZnCl, | AgCl | Ag ; Cd(amalgam) | CdCL| AgClj Ag; Cd(amal- 
gam) | CdClo | Cd ; and H, j HC1(0 ; 01 N) | AgCl | Ag. In the first cell 
the concentrations of zinc chloride solution varied from O’ 0003. V to 
0*01.1/ ; in the second the concentration of cadmium chloride varied 
from 0*0001.1/ to 6*61.1/ (saturated). The normal electrode poten 
tials of zinc and cadmium were found to be 0'758 ±0 - 002 volt and 
0 3992 ±0*0010 volt respectively, the normal hydrogen electrode 
being taken as zero. The free energy of dilution of zinc chloride 
and cadmium chloride solution was calculated, and the following 
values obtained : 

c,. 

0-1 M 

0-01 M 

0 005 M 

J. F. S. 


r, v F(CdCl 2 ). F(ZnCL). 

O' 01 M 1306 cal. — 

0-001 M 1615 cal. 1719 cal. 

0 0005 M 1705 cal. 1858 cal. 


The Effect of Amalgamation on the Single Potential of 
Aluminium. Louis Kahlenberg and John A. Montgomery 
(Trans. Arner. Klectrochrm. Sor.., 36, 12 pp.). — The single poten- 
tial of aluminium was measured in a ^.IZ-solution of aluminium 
chloride at the ordinary temperature. The highest value obtained 
with unamaigamated aluminium was fi*32 volt, and with amalga 
mated aluminium, 1*00 volt. The mercury removes the coat of 
resistant oxide. In the first few seconds after immersion the value 
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1*09 decreases rapidly to 1 04 — 1 07, owing to formation of oxide 
over the amalgam. It was shown that the potential measured is 
actually that of the aluminium, and not that of an aluminium 
amalgam. Chemical Abstracts. 

The Potential Necessary for the Electrolysis of Solutions 
of Iron. W. Albert Noyes, Jun. (Compt. rend., 1919, 164 f 
971 — 973), — The minimum potential necessary for the electrolysis 
of a solution of a ferrous salt between electrodes of electrolytic iron 
i 3 0*66 volt at 20°; this value diminishes 0 007 volt for each degree 
rise in temperature up to 110° when it attains a minimum, and 
rises again with further rise in temperature. W. G. 

Electrical Endosmosis of Molten Sodium Chloride in 
Carbon. Wa. Ostwald (Kolloid Zeitsch., 1919,25, 115—116). — 
When molten sodium chloride is electrolysed between carbon elec- 
trodes there is scarcely any evolution of chlorine or formation of 
sodium unless special conditions are established, but the negative 
electrode increases in volume and is partly destroyed. On cooling 
and treating with water the electrode falls to powder, whereas 
the positive electrode is unaffected either during the electrolysis or 
on treatment with water. The behaviour is due to the cataphoresis 
of the molten sodium chloride. J. F. S. 

Heusler’s Alloys. O. von Auwers ( Zeitsch . anorg. Chem., 
1919, 108, 49 — 69). — The opinion was expressed by Heusler that, 
the alloys of the aluminium-manganese bronze series owe their ferro- 
magnetic properties to a compound of the form (A1M 3 ) X , where M ; , 
represents ail isomorphous mixture of manganese and copper. 
Whether the magnetism is to he attributed to simple molecules 
AlM s , to complexes, or to a particular crystal lattice remained 
obscure. The phenomena attending the so-called ageing of these 
alloys have an important bearing on the constitution of their ferro- 
magnetic constituent. The cast alloys have weak magnetic proper- 
ties, and have to undergo the ageing process, that is, prolonged heat 
treatment at temperatures between 100° and 300°, to develop their 
full magnetic power. One effect of this treatment is to raise the 
magnetic transition temperature along a curve similar to a mag- 
netisation curve. When magnetisation is plotted against time of 
ageing for different held strengths, a series of curves is obtained, of 
which those for lower field strengths show a sharp maximum with a 
subsequent fall to a constant magnetisation. In the curves for high 
field strengths the maximum is flattened out and the corresponding 
point is followed by a gradual rise in magnetisation as the time of 
ageing increases. The ageing process appears to involve two super- 
imposed molecular changes. The author considers that at the 
magnetic transition point the magnetic particles become dissociated. 
On quenching from about 600° the alloy contains very few magnetic 
molecules. By slow cooling or by the ageing process the particles 
again become associated and the magnetisation and coercive force 

1 * 
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both increase. With low field strengths the coercive force, that is. 
the intermolecular force, predominates over the magnetising force, 
and this explains the maximum in the above-mentioned curves. Thy 
highest point of the magnetisation curve is reached when the 
coercive force is a maximum, that is, when the maximum number 
of magnetic particles are present. The coercive force depends on 
the temperature of ageing, and reaches a maximum with tempera 
tures from 190° to 260°. Above this temperature, it falls oil 
rapidly, presumably because the dissociation of the particles has 
then commenced. E. H. R. 

Some Fusion Curves, the Condition Diagram of Re- 
sorcinol and the Condition Diagrams of some Cryohydrates. 

Walter Dknecke ( Zeitsch . anorg. Ckem., 1919, 108, 1 — 43).— The 
pressure-temperature fusion curves of betol, triphenylm ethane 
erytbxitol, guaiacol, salol, and benzoic anhydride, all substances of 
low crystallisation velocity, have been determined experimentally 
by Tamman’s method, which consists in heating a quantity of the 
substance under pressure and plotting the temperature-pressure 
curve. When fusion commences, the curve changes direction owing 
to a rapid increase in pressure, and the ordinates of the point at 
which the change of direction starts give the temperature of the 
melting point and the corresponding pressure. From a number of 
such observations at different pressures the fusion curve is plotted. 
The apparatus used was that described by Tannnan (Kristallisieren 
und Schmelzen; 1903, 195). In each case the curve can be repre- 
sented by an equation of the form t~t v ^ Kg + ap-bp 2 , in which 
a and b are constants and p is the pressure at the fusion point t. 
All the curves are smooth, and show no evidence of polymorphism 
in the substances examined, although betol, triphenyhnethane, and 
erythritol are all known in two or more crystalline modifications. 

The same experimental method was applied to the study of the 
transition between the two forms of resorcinol. The transition of 
pure resorcinol is extremely slow, but is accelerated by the addition 
of xylene. In presence of xylene, as the temperature is raised, the 
pressure begins to fall when the transition commences, the fall being 
most marked with 1% of xylene. The more xylene there is present, 
the lower the temperature at which the transition begins. Increas 
ing pressure lowers the transition temperature, but also lowers the 
transition velocity. 

To investigate the separation of different forms of ice from cryo- 
hydrate solutions, such solutions of sodium chloride, potassium 
chloride, ammonium chloride, sucrose and magnesium bromide were 
studied by cooling under pressures up to 3000 kilos, per sq. cm. 
down to about —70° and plotting the temperature-pressure curves 
The regions of the equilibrium diagram of water in which the ice 
forms I, II, and III' are stable were thus included. In the ice 1 
field,, this form generally separated, but once, from a sodium 
chloride cryohydrate solution, a form was obtained which appeared 
to be a less stable form of ice I, and twice, from a magnesium 
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bromide solution, a more stable form of this group separated. At 
pressures above 2400 kilos, ice III' was always obtained from sodium 
chloride solutions, although this is the ice 11 region. From potass- 
ium chloride solutions sometimes iee II and sometimes ice 111' was 
obtained, and from ammonium chloride generally ice V. From 
sucrose solution ice III' usually separated, but on one occasion a 
denser form, probably the most stable form of ice II, was observed. 
When ice I first separated and the pressure was raised subsequently, 
ice III' was formed, except in the case of magnesium bromide, 
where the pressure was raised to 3000 kilos, without inducing transi- 
tion into a denser form of ice. The position of the transition curve 
of forms 1 and 111' is not changed through the presence of the salts, 
The salts are therefore uot appreciably soluble in these forms of ice, 

E. H. R. 

Vapour Pressures ol Mercury in the^Range 120 -250°. 

At , an W. C. Menzies ( J . Amer. Chem. Hoc., 1919, 41, 
1783—1787). — A method is described for the measurement of low 
vapour pressures, involving the use of two McLeod gauges, hot and 
cold respectively. The method has been used to determine the 
vapour pressure of mercury at 121 -8°, loO'O 0 , ami 191'5°. The 
following values are found in mm. of mercury: 121'8°, 0'829 mm.; 
I50'0°, 2’802 mm. ; and 191'5°, 13 02 mm. It is shown that the 
conation connecting vapour pressure and temperature over the tem- 
perature range 250—453° (A., 1910, ii, 1037) may be employed 
without modification of its constants over the range 120 — 250°. 

J. F. S. 

Rectification by Adiabatic Condensation without Ex- 
pansion. E. Chknard (Bull. $oc. chim., 1919, [ivj, 25, 546—552).- — 
As a result of a series of distillations of alcohol-water mixtures 
through a special apparatus designed (1) to remove from the 
vapour any liquid transported in the vesicular state, (2) to effect, 
a preliminary partial condensation of the vapour and collection of 
the condensed portion, it is shown that the law of correspondence 
between the strengths of liquids and vapours in contact, in a 
rational process of condensation, is almost identical wit h the law 
of fractionation by vaporisation. The process of enrichment of 
the vapour by means of partial condensation is capable of being 
very useful and also very simple in its working. Starting with a 
vapour containing 35% of alcohol, it was found possible by frag- 
mentary condensation, in six stages, of about 54% of the initial 
weight, to obtain a vapour containing 64% of alcohol. At the same 
time, the six fractions would, on boiling, give vapours richer than 
the initial vapour. A\.G. 

Distillation in a High Vacuum. J. Hocbes ( Ber 1919, 
52, [/(J, 1460 — 1462). — The principle of the method has already 
wen described by Erdmann (A., 1904, ii. 20). A high vacuum is 
attained by means of au ordinary water pump through tilling the 

1*— 2 
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apparatus with carbon dioxide and condensing it in a suitable 
receiver by liquid air. The new improvement consists in letting 
the carbon dioxide enter in a continual stream through a fine 
capillary below the liquid, so as to prevent uneven boiling. A 
pressure of 0*12 mm. is easily maintained. ,T. C. W. 

Comparative Investigation of the Efficiency of Still 
heads of Various Types. J. Friedrichs (Zeitsch. angew. Chen.. 
1919. 32 , 340 — 344). — In order to test the efficiency of different 
types of still-head, a mixture of equal quantities of benzene and 
toluene was distilled at a constant, speed, which was controlled by 
means of a vapour pressure regulator between the still-head anil 
the condenser. The temperature within the still-head and the 
volumes of distillate were taken at regular intervals, and the results 
are given in tabular form. It was found that still -heads contain 
ing glass beads or fragments were the most effective, whilst for the 
distillation of larger quantities of liquid the use of a long tube, 
as in HempeVs apparatus, is best. Winssinger’s modification of 
Hempel’s still-head gives good results with liquids boiling below 
100°, whilst a modification of Plucker’s apparatus combines the 
advantages of Winssinger’s dephlegmator and Ekenberg’s rectify- 
ing apparatus. In the case of small amounts of liquids, Linne 
mann's apparatus gives the best results. [See also J. .S foe. Chan 
hul 1919, 964a.] C. A. M. 

Heat of Hydration of Gaseous Ions. K. Fajans (Ber. 
dent, physical. Ges., 1919, 21 . 549- 558). -The heat of solution 
of a salt in water is regarded as made up of two quantities, (i) the 
heat absorption necessary for complete dissociation of the salt into 
gaseous ions, and (ii) the heat developed in the solution of these 
ions in water. The latter quantity is termed the heat of hydr- 
ation of gaseous ions. From a knowledge of L, the heat of solu- 
tion of a binary salt, and F, the total energy change, the author 
shows that the heats of hydration of the gaseous ions may he 
calculated. Employing this method, the following values, in 
kilogram cal. per gram-ion, are calculated: H + , 362 ; Li + , 210; 
Na+, 203; K+, 182; Rb+, 173; Cs+. 174; T1+, 182; Ca++ 475; 
Cl - , -23; Br -32 ; I~, -43. The values are claimed to be 
accurate within 6 units in the case of cations and 10 units in the 
ca^c of anions. J. F. S. 

Heat of Ionisation and Chemical Constitution. E. Oliveri 
MaxdalA (Gazzeftn, 1919, 49 , ii, 176 — 180). — With a few excep- 
tions, weak electrolytes exhibit, heats of ionisation differing little 
from a mean value of 500 cal., and attempts have been made to 
explain the exceptional values bv means of the chemical constitu- 
tion of the electrolytes concerned. Thus, according to Bauer (A.. 
1897, ii, 546), the magnitude of the heat of ionisation may indicate 
the union of the hydrogen of an electrolyte to a nitrogen rather 
than to an oxygen atom, whilst Hantzsch employs it to diagnose 
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the presence in solution of a pseudo-acid, and Jones considers that 
anomalous heats of ionisation support his hydrate theory. Further, 
the high heats of ionisation shown hy water and hydrofluoric acid 
have been explained as the result of a process of depolymerisation. 

The author points out that the heat of ionisation, calculated from 
the heat of dissociation, depends on the other constants of the 
equilibria existing in solution and on the thermal effects of these 
equilibria, so that the magnitude of the heat of ionisation of a 
substance cannot serve as a physico-chemical means of investigating 
either intramolecular changes of electrolytes in solution or trans- 
formations of other character. The particular cases of a pseudo- 
acid and of hydrofluoric acid are considered, and an equation 
identical in form with, but different in signification from, that 
found by Lunden in the case of ammonia is derived (compare A., 
1916, ii, 367). T. H. P. 

Differences in the Heats of Combustion and in Other 
Properties of Isomeric Forms of Compounds of the Type 
Tartaric Acid-Mesotartaric Acid. E. Burner ( Tidskrifl 
Kemi, 1919. 16, 97—110, 118- 198). The differences in the heat 
of combustion, density, solubility, and sublimation point were, 
ascertained for the isomeric forms of tartaric acid, phenylglyceric 
acid, and hydrobenzoin. For the heat of combustion, the units in 
the following are kilo. cal. per gram -mol. The methyl ester was 
used in place of tartaric acid. Tartaric acid in the meso-form gave 
623*2 Cal., in the il - form 62 I S Cal. Correcting for the difference 
ill the heat of solution, the difference between these two is 2'G Cal. 
Corresponding stereoisomerie forms of phenvlglyceric acid (m. p.’s 
122° and 141° respectively) gave 1011-2 and 1004-2 Cal., a differ- 
ence of 5'4 Cal. after correcting for the heat of solution. In hydro- 
benzoin and Mohydrobenzoin the relations are reversed, the stereo- 
isomeride corresponding with /-tartaric acid giving a smaller heat 
of combustion (1723-2 Cal.) than the other isomeride (1728'0 Cal.). 
The difference after correcting for the heat of solution is 4 5 Cal. 
/•-Tartaric acid gave 0 5 Cal. more heat than did the rf-isomeride. 
The author concedes that this may have been an experimental 
error, but cites Ossijioff (Cow///, rend., 1889, 109, 475), who also 
noted a difference in the heats of combustion of these two 
isomerides, namely, 619 5 and 618 5 Cal. Attention is directed to 
the fact, that the first four substances mentioned above are derived 
from the following acids, with heats of combustion as indicated : 
maleic (329 6), fumarie (320-7), «//ocinnamic (1047- 6). and cinnamic 
(1042'3 Cal.), respectively, and that in the transformation the 
relative rank as to energy is not altered. In isomeric forms 
greater solubility and lower in. p., sublimation point, density, and 
molecular volume in solution are associated with the isomerides of 
higher heats of combustion. The tartaric acids are an exception 
to this rule, as are also maleic and fumarie acids, from which the 
tartaric acid isomerides may be derived. 


Chemical Abstracts. 
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The Benzene [Formula] Problem. II. A. von Weinberg 
(Ber., 1919, 52. [5], 1501— 1508).— From the data for the heats 
of combustion of various hydrocarbons, a discussion of the kinetics 
of benzene and related compounds is developed. 

In the first place, it is shown that the heat of combustion of a 
saturated hydrocarbon, can be expressed very nearly by tin; 

term 96m + 30m Cal., that is, each carbon and each hydrogen atom 
contributes a constant quantity. This is developed from two series 
of data. (1) Let. ./' = the contribution of the carbon atom, and ,, 
that of the hydrogen. Then, in the case of ethane, 2x + 6»/ = 370't) 
and in the case of propane, 3.z + 8//=526-7. whence r = 96’5 and 
;/= 29-65. (2) The increment for the -CH., group is known to be 
156 Cal., and the average heat of combustion of the isomeric 
octanes is 1299'9 Cal. (Richard and Jesse, A., 1910, ii, 269). To the 
latter value should he added the latent heat of vaporisation, which 
is 8 09 Cal. Then r+2?/ = 156 and 8(.r + 2y) + 2,y = 1308, whence 
t = 96 and _y=30. Two consequences follow from this additivity. 
First, the energy of the rupture of a C-H linking must be the 
same as that of a C'C bond, and, secondly, the heat of combus- 
tion of a carbon atom in gaseous carbon must be the same as that 
of a carbon atom in a simple hydrocarbon vapour. Now it is quite 
remarkable that the above value. 96, is very nearly the same a. 
the heat of combustion of solid carbon, from which it appears 
that in the vaporisation of carbon there is very little force of 
cohesion to overcome. This is in accordance with the view that 
carbon is mono-atomic in the diamond, as revealed by a study of 
the space-lattice and diminution of the specific heat at "low 
temperatures. 

The heat of dissociation of the OH or C'C linking can be 
calculated as follows. The heat of combustion for one H in hydro- 
carbons is .30, but for two IT atoms in hydrogen gas it is not 6(1. 
but 67'5, that is, the heat of dissociation of the C-H bond is less 
than that of H'H by 7 5. The value used by Nernst for the 
heat of dissociation of hydrogen is 100 Cal, from which it follows 
that, the required quantity is 92 y Cal. 

The additional energy of the molecule due to one or more double 
linkings may he calculated by subtracting the value for the term 
9fi» + 30m from the heat of combustion. From the values for 
ethylene, propylene, and hexylene, it appears that the increment 
due to the single ethylene linking is equivalent, to about. 30 Cal. 
For A^-hexadiene. however, it is only 16 3, instead of twice 30. 
and for e-methyl-A^-hexadiene it is only 20-8. This is due to the 
fact that the oscillations set- up bv one double bond interfere with 
and restrict those of the other. The case of the conjugated link 
ings is most interesting, for this really represents the energy of 
vibration of three pairs. Now if benzene has three conjugated 
double bonds, the energy of six oseillating pairs will have to be 
reckoned, that. is. 2x10.3 — 32'0 Cal. Actually, the additional 
energy give.i out bv benzene, above that calculated from the term 
6 x 96 + 6 x 30, is 32 7 Cal. if Roth's value for the heat, of ecmibu? 
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tion is correct (A., 1915, ii, 146), or 30-3 if Richards and Barry’s 
number is accepted (ibid., 421). The oscillation energy of each 
carbon atom in benzene is therefore 5'4 or 5 - 05 Cal., that is, about 
one-third of the energy of an ethylenic carbon atom. This agrees 
with the fact that the oscillation frequencies are slower in benzene 
and approach those of the visible spectrum. From the data avail- 
aide for naphthalene and anthracene, it appears that the average 
oscillation energy for one carbon atom is again about 5 Cal. 
formulas are given with which it is possible to discuss the ampli- 
tudes and frequencies of the oscillations of the a- and j3-carbon 
atoms in these compounds. 

The excess energy in the case of cyclohexane, that is, the energy 
due to ring formation, is 8'2 Cal. This rises to 23’6 when one 
ethylene linking is also present (cye/ohexene), to 38'6 when two 
are present (cf/clohexadiene), but is 327 in the case of benzene. 

J. C. W. 

New Gas Pyknometer. K. Klivg and L. Suchoweak (Me tan, 
1917, 1, 37 — 42; from Ckem. Zentr., 1919, iv, 437— 439).— The 
authors describe a new form of gas pyknometer suitable for use 
with small quantities of gas and for the estimation of density 
without using a current of gas or a pump. The principle of the 
apparatus depends on the observation that carefully purified and 
drv mercury flows quantitatively from the well-cleaned apparatus. 
A "single filling of the pyknometer by mercury suction leaves the 
vessel quantitatively filled with the gas. A further feature is the 
complete absence of stopcocks, The apparatus is very fully illus- 
trated in the original. H. W. 

Table for the Correction of Volumes of Gases. Wa. 

Ostwald ( Zeitsch . nnf/etr. Chem., 1919. 32, 359 — 3601. — A calcula- 
tion diagram for the correction of gas volumes to normal tempera- 
ture and pressure, including correction for the tension of aqueous 
vapour, may he constructed by plotting the values for barometer 
readings and the ascertained correction factors on two parallel 
logarithmic scales, joining the respective points on these scales by 
a straight edge and marking points between them to represent, the 
corresponding temperatures. The temperature scale thus plotted 
includes the aqueous vapour correction, and will be found to take 
tile form of a straight line parallel to the other two. The baro- 
metric and temperature scales can then be used for finding the 
corresponding correction factor without calculation, and the multi- 
plication of the observed volume bv this factor to obtain the 
corrected volume may be performed graphically, in the same 
manner by constructing two other logarithmic volume scales on 
Hie same diagram. J. F. B. 

Molecular Volumes. W. Herz (Zeitsch. anorg. Chem., 1919, 
108. 226 230). — For a number of homologous series of organic 
compounds, the author has compared the ’‘true" molecular volumes 
given by the expression I' /J-l 71 }- 2 . .V V, where It is the 
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dielectric constant and d the density, with the molecular volume 
at absolute zero, J- 0 (A., 1919, ii, 220). In general, _ both V and 
1’ increase with the molecular weight, although acetic acid shows 
an abnormally high value for V in the series of homologous acids. 
The molecular volumes at absolute zero are greater than the true 
molecular volumes, and the difference increases with the molecular 
weight. In the benzene series, the ratio 1 / F 0 is a constant, and 
the°same is true in the paraffin series from hexane to decane. In 
the fatty acids, the alkyl formates, and alkyl acetates the ratio 
decreases as the series is ascended, hut it approximates to a constant 
value in the higher members of each series. In the early members 
of these three” series, the difference between the two molecular 
volumes is very small, indicating that the substances have a very 
compact structure. In the alcohol series, from methyl to amyl 
alcohol the true molecular volume appears to he actually greater 
than the molecular volume at absolute zero. The abnormality 
becomes smaller with increasing molecular weight, and disappears 
beyond amyl alcohol. It is probably due to association in the 
alcohols as a similar abnormality is found in the case of formic 
acid. E - H - R - 

Molecular Volumes of Liquid Organic Compounds. Hugo 
Kauffmans ( Zeittch . EMlrarhem., 1919. 25, 343 351). — The 
author has examined the molecular volumes of a large number of 
organic compounds, using the experimental data of Lossens 
(A.. 1890. 323) for the purpose. It is shown that the molecular 
volume at the boiling point is not suitable for the investi- 
gation of regularities or for the calculation of atomic volumes. 
The molecular volume at a given temperature brings important 
regularities to light which run parallel with othei physical proper 
tiSs. The density in homologous series of organic compounds 
approaches limiting values characteristic for each temperature: 
thus, at 0° 0 = 0-8752; at 20° « = 0'8616 as a limit. If the 
density of the first member of an homologous series is smaller than 
the limit then the density in that series increases with increasing 
molecular weight, but should the density of the. first member be 
larger than the limit, then the density falls with increasing mole- 
cular weight in that series. The author recognises “ Accumulation 
phenomena.” This is the name applied to the combination of 
several groups or atoms with a given atom. Accumulation increase? 
the molecular volume, and this mainly in the third and fourth 
stage. This is equally true for mixed and similar accumulation. 
Atoms or groups which bring about exclusively large increases in the 
molecular volume are termed Eurngem >. and the accumulation pheno- 
menon itself is termed Enrngeimm. Carbethoxyl-, chlorine, mtro- 
and cyanogen groups are strong eurogens. The strength of the 
eurogens named increases in the ordeT given ; and other car onv 
containing groups are stronger than the carliethoxvl grown. p 
ethoxyl and phenyl groups are weaker than the carbethoxyl group, 
and the -CO-0- group is a bivalent eurogen. Of the alcohol radio 
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only the methyl group has eurogenic properties. This peculiarity 
of the methyl group has the effect that the second member of every 
homologous series shows a slight irregularity in the approach to the 
limiting value. The molecular volume of isomeric aliphatic com- 
pounds is controlled largely by the eurogenic character of the 
methyl group. In substituted derivatives the eurogenic influence 
of the methyl group is combined with its substitution influence. 
The difference between the molecular volumes of isomerides is a 
measure of the eurogenism. In accumulation of the second stage 
the methyl group may lose some of its activity, since methyl groups 
when they are combined with neighbouring carbon atoms, acting as 
accumulation centres, reduce the molecular volume. A similar state 
of affairs is shown to exist in silicon compounds where the silicon 
atom is acting as the accumulation centre. J. F. S. 

A Thermodynamic Proof. Arrigo Mazzucchelu (Atti R. 

Accad. fjincei , 1919, [vj, 28, ii, 47 — 51). -Lewis [ !< System of Physi- 
cal Chemistry'’ (2nd Ed.), II, 1401 directs attention to the divergent 
results attained by two proofs, both apparently unobjectionable, of 
the relation between pressure and equilibrium constant in dilute 
solutions. One of these proofs is due to Planck, who arrives at 
formula 220 of his “ Thermodvnamik ” (3rd Ed. 1 ), and the other to 
Rice (Trans. Faraday Soc., 1917, 12, 318), who derives the formula 
tl JP log K =(T r j — Y.-,)jRI\ where K is the equilibrium constant 
(constant of formation of the final system referred to concentration 
by volume) and F 2 - T, the variation in volume due to the integral 
transformation of the initial system into the final one. The author 
introduces certain modifications into Rice's system and shows that 
Rice's cycle then leads to Planck’s formula, although he does not 
claim to have proved that such modifications are justified. 

In the cases which up to the present have been subjected to 
experiment, a compression, besides altering the equilibrium con- 
stant in the sense favouring the system with a less total volume, 
that- is, in accordance with the Le Chatelier van'f. Hoff principle, 
also causes a certain increase in the concentration by volume, owing 
to the compressibility of the solution. Such increase in concentra- 
tion, although without direct influence on the equilibrium constant, 
vet favours as a rule the system with the less number of molecules, 
of which it increases the relative quantity; in the experimental 
measurements, such increase figure*, therefore, as a further varia- 
tion of the equilibrium constant, and it should be taken into account 
by any rigorous theoretical formula. T. H. P. 

Surface Tension and its Relationship to Other Properties 
of Liquids. W. Herz (Zeitsch. vhysikal. Chem., 1919, 93, 
607—612). — A theoretical paper in which the author examines the 
values of the surface tension, molecular surface energy, the tem- 
perature-coefficient of the molecular surface energy, and the mole- 
<mlar association of a number of organic compounds in their rela- 
tions to the number of carbon atoms in the molecule. It is shown, 
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that- in homologous series the surface tension decreases with in. 
creasing number of carbon atoms, whilst the molecular surface 
energy becomes larger. The temperature-coefficient of the molecular 
surface energy increases in homologous series at the same tem- 
perature with the number of carbon atoms. From this it is deduced 
that the tendency to association decreases as the number of carbon 
atoms increases. Richard’s rule that the compressibility is in- 
versely proportional to the surface tension is examined in a large 
number of cases and confirmed. The compressibility is larger the 
fewer the molecules in unit volume, that is, the larger the molecular 
diameter. J. F. S. 

The Technique of the Estimation of the Viscosity of 
Organic Colloids. E. Rothlin (Biockem. Zeitsch ., 1919, 98, 
34— 92).- -The superiority of the “ capillary methods over the 
"damping" methods in the estimation of the viscosity of fluids i$ 
discussed. The author examined the viscosity of various emu] 
soids under different pressures by means of Hess's viscometer (capil- 
lary principle). Emulsoids, like gum arabic, soluble starch. 
j3 gelatin, and casein, have been found to obey Poiseuille’s law, 
Others like gelatin, egg-white, insoluble starch, agar, and soap have 
shown a deviation from the above-mentioned law as the pressure 
was diminished. In the case of one of these colloids, namely, gelatin, 
higher temperatures, the addition of hydrochloric acid, sodiiun 
hydroxide, sodium chloride of suitable concentrations as well as 
alcohol prevented this deviation. ‘ Two pressure regions in the 
viscosity of these, emulsoids could be differentiated, the ' upper’’ 
region, in which the colloids practically obeyed Poiseuille’s law, and 
tile “lower” region, in which they deviated from it. This devia- 
tion under low pressure the author attributes to the cohesive force? 
of the particles. The importauce of the pressure factor and the 
dimensions of the capillaries in the estimation of the viscosity of 
fluids is pointed out. Hess’s viscometer fulfils these requirements. 

S. S. I 


Influence of the Red Blood Corpuscles on the Internal 
Friction of Blood. Karl 13kck ( Kolloid Zeitsch 1919, 25, 
109 — 110). — The viscosity of human blood has been measured with 
the object of ascertaining the relationship between this value and 
also of testing the Einstein relationship, K' ~ A'(l -r 2 57 ) (Ami. 
IBu/ttk, 1906, 19. 289; 1911, 34, 591). It is shown that the c 
value depends on the number of suspended particles in the sense 
that at small concentrations the influence on the viscosity is smaller, 
and at high concentrations larger, than would be the case with a 
constant value of a (2'5). This is in keeping with previous result? 
obtained for emulsions of oil (A., 1904. ii, 616; 1907. ii, 232). ft 
follows, therefore, that the influence of a non-rigid particle on the 
viscosity cannot be determined either by Einstein's formula or by 
any simple application of the mixture rule. J- E S. 
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Wo. Ostwald’a Rule Connecting Colour and Degree oi 
Dispersion. E. Wedekind and H. Rheinboldt ( Ber 1919 , 
52. [ft], 1794).- -A note to remove a possible misconception of the 
authors’ views on Ostwald’s theories (A., 1919, ii, 270). 

J. C. W. 

The Effect of Salts on the Vapour Pressure and Degree 
of Dissociation of Acetic Acid in Solution. An Experi- 
mental Refutation of the Hypothesis that Neutral Salts 
Increase the Dissociation Constants of Weak Acids and 
Bases. James William McBain and James Kam IT 1919 
115, 1332—1345). v ’’ ’ 


Resolution of the Acid Salts oi Dicarboxylic Acids into 
the Free Acids and the Normal Salts. .Joh. Pinxow (Ber 
1919 , 52 , [/i|, 1662— 1667). —The method of estimating the first 
and second dissociation constants of dibasic organic acids proposed 
by McCoy (A., 1908, ii, 466, 167), namely, by extracting solutions 
of the acid salts with ether and determining the partition-coefficient 
of the acid, has been tested by Dieckmanu and Hardt (A. 1919, 
, 326). who found that the ratio is not always independent 
f the concentration, as it should be. They consequently formed 
ip opinion that there are sources of error inherent in the method 
self. Some of these are now discussed. 

In the first place, the determination of the partition coefficient 
* acld influenced bv association and ionisation A« 

he solution becomes more dilute, the associated molecules become 
?wer and Jdie rate of extraction rises to a constant value (see A., 
915 , ii, 679). Then it begins to tall unless some sulphuric acid is 
tided to prevent ionisation. Another factor is the salting out ” 
did of the norma! and acid sails, which is. of course less in dilute 
fiutions than in concentrated ones. The question whether anv of 
b metallic salt is extracted by ether in the Partheil Rose appara- 
us nsMl m these investigations has been tested in the case of sodium 
™ ! ,oUs ? 1I,m hydrogen oxalates and potassium tetroxalate but 
lie quantity is found to be quite negligible. 

The relationship between free acid (/(.acid salt („,). and notmal 
alt (</), as expressed in the term f ,/. f s independent of the 
tauire ot the alkali in the case of succinic acid. j ^ \y 


Structure of the Capillary Layer. III. G. Barker (Zeitsch 
- 1919, 93. 570 - 584. Com, .are A.. 1915, ii. 614 

The capillary layer is regarded ns a Him which has 
l . or “™ an 'l between the liquid and gaseous ,ihases without 
tagmg the totai mass of these two phases. If ,, is the total 
ran ber o molecular layers of gas and .liquid which go to form the 
pillaiy layer consisting of It new layers, then where ,, is 

1 cnaiaet cnslic constant. Making use of llie I.aplaee formula fm- 
Mlecular pressure, Q-.,„ 2< ft, 4- - *?>H or 

1 vfi + Jfc) • i/M/N . r,( Uj - f,.,! 1 - T r/df), in which a is 
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the Laplace constant, p x the density of the liquid, p 2 the density 
of the vapour, M the molecular weight, N the Avogadro number, 
E the surface tension, r j the internal heat of vaporisation. Both 
formulae are identical, since the equation p = Tf(v)-ajv li has been 
used in developing them. The equation for the number of layers 
in the capillary layer therefore becomes 

7? = l + 0/r/+ s/2 QYq+Q*lq\ 

If, however, the more exact formula of Clausius is used for the 
molecular pressure, Q = i(Vpi + vW * r *(pi - p 2 )l 

(1 - Tja . dajdt) . (1 + j3 /> 3 ) (1 + J3 p 2 ). By means of these formula, the 
number of layers in the capillary layer, the thickness of the layer, 
aftd the number of molecular layers of vapour and liquid going in 
its formation have been calculated for carbon dioxide, benzene, and 
ethyl ether. The following values are obtained at the temperatures 
given : 

Carbon Dioxide. 


t 

— 25° 

-10" 

0° 10' 20“ 

28° 

30 u 

R 

4-8 

5-4 

o-4 6-9 8-8 

13-3 

28 

n 

4-3 

5-0 

51 6-« 8-6 

13-2 

28 

C 

, 2-6 

2-9 

2-9 3-7 48 

7-2 

15 W 




Benzene. 



l 

5-4' 

50° 

SO 100 150- 200* 

250- 27 

5 280 

It 

3*8 

5-27 

5 0 5-23 5-35 5-8 

8-3 12 

7 17-8 

n 

2-9 

4-3 

4-2 4 5 4-7 5-4 

80 12- 

4 17-7 




Ethyl Ether. 



t 

ir 

20 

50" 80 120' 1' 

70" 190 

193 

R 

4-2 

5-1 

5-1 61 7-0 £ 

18-4 

24-5 

n 

3-4 

4-2 

4-4 5-4 6-4 £ 

KJ 18-2 

24- r> 


The present results are compared with, and criticised in coil 
nexion with, the results published in previous papers (lor. rit.). 

J. F. S. 

The Molecular Theory of Solution. Samuel Clement 
Bradford (Phil. Mat/.. 1919, |‘vi|. 38, 696 — 705). The theory of 
solution is considered from the point of view of the attractions of the 
solute and solvent particles for themselves and for one another. 
Whereas on Traubes " cohesion pressure ’’theory of solution, wherein 
cohesion pressure signifies the attraction of solute and solvent, the 
solubilities of organic liquids follow the order of their cohesion pres- 
sures, the solubilities of solid substances are in the reverse order. On 
the basis of the kinetic theory, the electronic theory leads to an expres- 
sion of the form f~M K 2 lr v . 4 ~2M 8 M K jr„ c 4 + M.?lr x i , where .17 w and 
M s are respectively the moments of atomic doublets in solute and 
solvent, and r Vy r„ u ., and r„ the respective distances between the 
centres of two solvent doublets, a solute-solvent doublet, and two 
solute doublets for the force initially tending to prevent solution. 
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This relation, combined with that expressing the ratio of the num 
her of molecules in unit volume of the liquid solvent to the number 
ill unit volume of the solid solute, is employed to deduce a number 
of conclusions relating to solution. Thus, the more a solute 
increases the surface tension of the solvent, the less its solubility. 
In the case of solutes which increase the surface tension of the 
solvent, the order of the compressibilities of their solutions will be 
(lie same as that of the solubilities of the respective solutes. Salts 
have a greater solubility, the larger their respective molecular 
volumes. It is shown that in accordance with the theory developed, 
the solubilities of sulphur dioxide, hydrogen sulphide, nitrous 
oxide, carbon dioxide, carbon monoxide, oxygen, nitrogen, and 
hydrogen are greater in alcohol than in water, and that, more- 
over, the difference of solubilities in the two liquids increases as the 
molecular cohesion of the gas diminishes. J, g. G T 

Thermochemical Proof of Born's Crystal Lattice Theory. 

K. Fawns (Her. dent. phyrihal. Ges., 1919, 21, 539— 548).— The 
author has calculated the energy of formation of gaseous ions from 
the crystalline salt by means of the known experimental values for 
the heat of solution of calcium chloride, calcium iodide,, lithium 
iodide and chloride. These results are compared with the corre- 
sponding values calculated on the basis of Born s cubic atom model 
theory (A., 1919. ii. 188). It is shown that the two sets of values 
are in excellent agreement, and that they furnish a confirmation of 
this theory. j jy g. 

Colloid Synthesis by means of Oscillating Arcs. Gosta 
B iiiuESON and The. Svkdhkrg (Kollo, d Ziitxrh 1919, 25. 
1 o-l — 158).— Using capacities in circuit, arcs of various metals have 
been struck in alcohol when the disintegrated metal forms colloidal 
solutions, In the experiments with a capacity of 113 8 x 10- 3 MF and 
a current of IT) amperes colloidal solutions of antimony, lead, bis- 
muth, zinc, gold, platinum, silver, copper, aluminium, and cadmium 
have been obtained. Rv this method the colloidal metal is produced 
more rapidly than by the earlier Svedberg method, ill some cases 
four times as rapidly. The stability of the sols is fairly great, 
although a certain amount always separates, but even then the bulk 
of the metal remains in solution. Gold and platinum are excep- 
tional, being very unstable. J. F. S. 

The ESect of Organic Acida and their Amino-compounds 
on the Hydration of Agar and on a Biocolloid. D. T. 

•uacDougal and H. A. Spoehr (Fror. Soe. Kept. Iliol Med., 1918, 
16, 33—35). Three groups of substances were selected: (1) suc- 
cinic acid and its amino-compound, aspartic acid, both of which are 
dibasic, and its amide, asparagine, which is monobasic ; (2) acetic 
acid and glycine, which arc monobasic; (3) propionic acid and 
a Mine, also monobasic, their action on the swelling of sections of 
agar and a mixture of 8 parts of agar and 2 parts of oat protein being 
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studied. Equimolecular concentrations of the three organic acids 
present small divergence of effect on agar and more positive differ 
ences in agar-protein. Agar swells more in succinic acid than in its 
amino-compound, but reverses this relation with the other two acids 
and their amino-compounds. The agar protein biocolloid showed 
greater hvdration in the amino-acids than in the related organic 
acids, greater even than in distilled wateT. Glycine facilitates 
hydration in all concentrations above 0 01.1/ in both agar and agar 
protein, and also in agar-gelatin. The amide, asparagine, induces 
a maximal hvdration, greater even than that possible in agar in 
distilled water and very high at all concentrations. 

Chemical Abstracts. 

Protective Colloids. 2nd Series, Cetraria Islandica as 
Protecting Colloid. IV. Colloidal Copper. A. Gutbier and 

E. Sauer ( Kolloid Zeiln'h., 1919, 25, 145—153. Compare A., 1916. 
ii, 231, 303).— Extract of Iceland moss has been prepared in three 
ways: .1, by extracting the moss with distilled water; B, by wash- 
ing the moss first with dilute potassium carbonate and then extract- 
ing with water; (', the product B is rubbed with distilled water and 
then stirred with water and dialysed. These three extracts were 
used as protective colloids in the preparation of colloidal copper 
solutions from ammoniacal copper sulphate solutions and hydrazine 
hydrate. The copper sols are so very sensitive that it was possible 
to test the three extracts as to their protective action. Extract r 
is by far the most efficient, and II is far superior to .1. The sols 
produced, rising 0T -0'05;;> of cetraria extract, are fairly stable, 
but deposit a dark red precipitate in fourteen days, which is revers- 
ible. Colloidal copper solutions which liv transmitted light are 
clear red and slightly turbid by reflected light on keeping, deposit 
fine-grained, irreversible precipitates, but those which are bright 
red in both lights deposit, completely reversible precipitates, The 
preparation of the solid colloid may be effected by adding 5—1 
volume of alcohol. The colloids thus obtainable, are not very rich in 
copper, the limit- of absolute reversibility being reached with a 
copper content of 13'43”». J. F. S. 

Relationship between Shrinking and DiSusion Structure 
in Tanned (Hardened) Gelatin Jellies. W. Moeller (Rollout 
Zeitscli., 1919, 25, 101 109). — The structures of hardened jellies 
produced by shrinking and by the diffusion of solutions into the 
jellies have been investigated- It is shown that the structures, 
produced by the diffusion of solutions of sodium hydroxide into 
gelatin-sodium chloride jellies which have been hardened by form- 
aldehyde, are due to changes in the internal structure of the 
micellar envelope. The thin, tanned layer attaches itself closely to 
the underlying coarse structure, and completely follows the direc- 
tion of the coarser structure. Under tension, shrinkage lines appear 
in radial diieetions from the diffusion centre, and concentric ring 
systems are pioduced by the contractions of the micellar envelope 
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Ti regularities may be caused by the passage of drops of alkali 
hydroxide solution through the line pores of the surface film, 

.1. F. S. 

Studies in Catalysis. Part XII. Catalytic Criteria and 
the Radiation Hypothesis. William Cudmore McCullaiih 

i .1 AV is (T., 1919, 115, 13G0 — 1366). 

Calculation of the Ammonia Gas Equilibrium. Eduard 
.Maurer ( Zeitteli . ttnorg. C’kem ., 1919, 108, ‘273— 302).— A com- 
parison is made of the results obtained for the nitrogen-hydrogen- 
aiinnonia equilibrium at different temperatures and pressures bv 
Haber and Le Rossignol and Jost (A., 1908, ii, 362. 761) respec- 
tively. It is concluded that the results of these experimenters are 
ill full agreement, and further that the work of .lost, carried out, 
in Nernst's laboratory, was a sufficient scientific foundation for the 
technical synthesis of ammonia. E. H. R. 

The Equilibrium between Carbon, Hydrogen, and Methane. 

Hubert Frank Coward and Stanley Pierce Wilson (T. 1919, 
115, 1380—1387). 

Calculation of the Temperature coefficient of the Dis- 
tribution Ratio. F. 11. MacDouiiam. ( J . Awr. Chan. Soc., 1919, 
41, 1718 — 1721). — A mathematical paper in which the author 
derives the temperature-coefficient of the distribution ratio for suc- 
cinic acid between water and ether. This value has previously been 
deduced by Forbes and Coolidge (A., 1919. ii. 141), but the present 
author points out (hat the mathematical expression is likely to be 
misleading. The present expression has the form dR,dt = 
+ (1 — It . (£, - a j i a i (1 - which is iden- 

tical with that of Coolidge and Forbes. The Greek letters refer to 
the ether phase, and the Roman letters to the aqueous phase, c, is 
the mol. fraction of acid in water saturated with ether, 
him (dsjdt)r. u where «, is the mol. fraction of ether in the water 

layer, saturated with acid but not with ether, and s, is the mol. 
fraction of acid in the water layer saturated with acid but not with 
ether; » s = Li)ii(rfe s; rff;, 1 : the meanings of the other symbols follow 

the same order. j p g 

Relations between Distribution Ratio, Temperature, and 
Concentration in System : Water, Ether, Succinic Acid. 

IT S. Forbes and A. S. Coolidge (./. Amer. Chan. Soc., 1919, 41. 
Ml. Compare preceding abstract, also A., 1919, ii, 141).— An 
acknowledgment of Macdougall s paper (/oc, cit.) and an indica- 
tion of the method by which a misinterpretation of the previous 
equation may be avoided. j j,\ g 

The Propagation of Flame in Complex Gaseous Mixtures. 

• Limit Mixtures and the Uniform Movement of Flame 
® sucl » Mixtures. William Payuas (T, 1919. 115, 
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The Propagation of Flame in Complex Gaseous Mixtures. 

II. The Uniform Movement of Flame in Mixtures of Air 
with the Paraffin Hydrocarbons. William Payman (T.. 
1919, 115, 1446—1453). 

The Propagation of Flame in Complex Gaseous Mixtures. 

III. The Uniform Movement of Flame in Mixtures of Air 
with Mixtures of Methane, Hydrogen, and Carbon Monoxide 
and with Industrial Inflammable Gases. AViluam Payman- 

(T., 1919, 115, 1454 -1462). 

The Ignition of Ether- Alcohol- Air and Acetone-Air Mix- 
tures in Contact with Heated Surfaces. Albert Grevilt.e 
White and Tudor Williams Price (T., 1919, 115, 1462 — 1505). 

The Diastatic Inversion of Sucrose : Influence of the 
Products of the Reaction on the Velocity oi Hydrolysis. 

H. Colin and (Mlle.) A. Chaudun (Compt. rend., 1919. 169, 
849 — 852). — It has been shown previously (compare A., 1919, 
ii, 327) that the diminution in the velocity of inversion of sucrose 
by sucrasc, due to an increase in the concentration of the sucrose, 
is really a linear function of the fluidity of the solution. It is 
now shown that the diminution in the velocity of inversion due to 
the presence of the products of inversion or of dextrose or Isevulose 
separately is simply a physical effect due to an increase in the 
viscosity of the solution. In all these cases, the velocity of hydro- 
lysis is a linear function of the fluidity of the solutions. W. G. 

The Structure of Atoms. A. Berthoud' {Arch. Set. phy*. 
nut., 1919. [v], 1, 473 — 496).-— A resume of recent work on tin? 
subject. W. 0. 

Modification of Bohr's Atomic Model. F. Kirchof 
(Zeituvh. pit ifsikaJ , ('linn.. 1919, 93, 623- 633).- A theoretical 
paper in which the author puts forward an hypothesis of the 
constitution of the atom which, although based on Bohr's hypo- 
thesis. differs in many details. The outside ring is assumed to 
contain 8 electrons and atoms, and never more; thus, carbon and 
silicon contain 4 electrons and can combine with 4 atoms, fluorine 
and chlorine contain 7 electrons and may combine with 1 atom, 
argon contains 8 electrons in its outside ring, and so is saturated 
and cannot combine at all. This view i3 in keeping with Abeggs 
contravalency hypothesis, and it follows that the number of 
electrons in the outside ring is the same as the contravalency of 
the element. The author suggests that the second ring, from the 
nucleus, containing 8 electrons and beginning with sodium, is 
responsible for the A* -series spectrum, whilst the A-series spectrum 
is due to a ring with 12 electrons (third from nucleus) and com- 
mences with zinc; the JZ-series spectrum is due to a ring (fourth 
from the nucleus) containing 14 electrons and commencing with 
gold. j. F. S. 
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Spectroscopic Proof of Electrical Fields on the Surface 
of Chemical Atoms. J. Stark (Atm. Physik, 1919 , [iv], 60 
196 200).— A theoretical paper in which, from a consideration of 
the third subsidiary senes of lithium and helium, and of the con- 
ditions under which these series become visible, it is shown that 
electric fields are situated on the surface of the atoms. J. F. S 


Nature of the Forces between Atoms in Solids. Ralph 

W. G. Wyckoff (■/. Washington Arm!. Sri., 1919, 9. 565 5921 _ 

A theoretical paper in which the structure of the ’atom is discussed 
with reference to the nature of the forces operating between atoms ■ 
it is emphasised that only the arrangement of tlie"outside electrons 
has a hearing on the phenomena usually described as chemical 
The arrangement of the inner electrons cannot be deduced from 
chemical data alone. The outstanding fact is the tendency to form 
"closed clusters” of 8 or 16 electrons. A number of typical 
compounds are considered with reference to the nature of the forces 
producing them. All compounds lie between the two extremes of 
polar ” and “ nou-polar ” compounds. A simple method of repre- 
senting the type of combination in a given compound Is put for- 
ward. Solid substances are classified, according to the nature of 
the forces of combination, into molecule-forming, 'polar and valency 
compounds. The phenomena of adsorption, solubility, ionisation in 
solution, formation of complex ions, and molecular complexes are 
discussed from this point of view. J F S 


Derivation of Chemical Relationships from the Electron 
Theory. Heinrich TErnT (Zeitsch. anorq. Chcm 1919 108 
137- 16 °), In a previous paper I A . 1919. ii. 330)’ was outlined 
a theory of the periodic system of the elements based on certain 
assumptions regarding the mode of arrangement of the electrons 
in the atoms. This theory is . now extended to a consideration of 
the combination of atoms to form molecules and compounds Since 
the inner electrons rotate in a series of rings as near to the equator 
of the atom as possible, it follows that the positive lines of force 
ue to the positive charge of the nucleus are concentrated at the 
poles of the atom and attract valence electrons to this region 
Combination between atoms therefore takes place at the poles of 
the atoms, and the electrons held in common between the com- 

alornf T° ms L°-i atC an , orbit between the poles of the combined 
TT- In add ' hon to the attractive force between the valence 
^ ectrons and the positive nucleus of opposing atoms, forces of 
ttraction between the electrons of the inner rings and the positive 

rTas c rr "r a,s f ° ^ ,nt ° *■ » ^ el 

attracHn, T? f u ° f * meta,lo,d element, the net result is an 
a mimh weal h f. W ^ Ml™ ° f a me,al a ™P nb «>“ results, or 

form n *1 ker . afctractlon - This explains whv metalloids generally 

moEw t0 T r ,Cn,leS m WM,5t the T’o'eei’les of the metals are 
Pounds f ,._ Simi,ar considerations explain the stability nf oom 
■ of different metalloid elements and the ionisation of salts 
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of the lithium fluoride type. The cause of odour in chemical com- 
pounds is traced to the oscillations of the valence electrons in their 
orbits between the poles of combined atoms. E. H. R. 

Mathematical Proof that the Atomic Weights are Integers 
when 0^16. Hawkswortii Collins (Cham. News, 1919, 119, 
247 — 248). — When the elements arc written down in ascending 
order of atomic weight, it is found that, of the first 25, 21 have 
values assigned to them which differ by less than 0'5% from integers. 
The probability that this has happened by accident is 1 in a billion. 
The five exceptions to this are: 01 = 91, Mg = 24*32, Ne = 20*2, 
Si = 28*3, and (T = 35*46. Of these, neon need not be considered, 
because it is probably a mixture. If the atomic weights of the 
remaining elements are reduced by the same proportion, they 
become GU9*00, Mg~24*00, Si = 28*00. and Cl=35*00. The 
atomic weights are dependent on that of chlorine, so that an error 
in chlorine would affect the others in the same way. The proha 
bility that this is due to an accident is 1 ; 100,000. The author 
therefore draws the conclusion that all atomic weights are integers 
when the standard 0 = 16 is adopted. J. F. S. 

Is the Ratio of the Atomic Weights 0 = 16: Ag= 107*88 
Correct? Alois Bilecki (Zcitseh. Anor<j. ' Ckm.> 1919, 108, 
113— 118).— It has been shown (A.. 1917. ii, 197) that the atomic 
weights of silver. 107'88. bromine. 79*991 . and chlorine, 35*46. arc 
multiples of the number Wj=- 0*30*350427. Thus. Ag = 3olM,. 
Br-“260w,, and 01 = ll3j:tf,. On the other hand, the atomic 
weights of oxygen and other elements determined with reference 
to oxygen are multiples of the number n-~ 0*3076923 that of oxygen 
being 16 = 52//. An examination of the published determinations 
of the atomic weight of manganese shows that, when this is deter- 
mined from ratios involving the halogens and silver, for example, 
2Ag:MiiBr 4 or 2AgCl : iilnCL>, the number 54*932 is obtained, 
which is practically equal to 1 78?/?, ,=■= 51 9388. When, however, the 
atomic weight is*, determined from the analysis of the sulphate, 
that is, from such ratios as MnSO,:MnO. MnO:40. the number 
55*0 is obtained, which is equal to I78y/v. In the case of zinc, also, 
similar differences are shown between the atomic weights deter- 
mined with respect to halogens on the one hand and oxygen on the 
other. Tt is suggested, on account of these considerations, that, if 
the atomic weight of silver is taken as 107 88. that of oxygen should 
not be 16. that is, 52//, but 52//,. that is. 15-982, In the same 
wav, the atomic weight of sulphur should be 32*026 instead of 
32*06. E. H. R. 

The Derivation of Valency Laws. The Principle of 
Cationic and Partial Valencies. Hum) Kaufkmann (Ber., 
1919, 52. f/fl, 1422 M35). See this vol., i. 50. 

Periodic Precipitates. The late Lord Rayleigh (Phil. Mty- 
1919, [vi], 33, 738 — 740). — Periodic precipitates are best demon 
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skated as follows. A glass lantern-slide is carefully cleaned and 
placed absolutely level. To 5 e.c. of a 10% solution of gelatin, one 
drop of a concentrated solution of sodium arsenate is added, and 
poured over the plate while hot. When it is quite set, hut before 
it can dry, a drop of silver nitrate solution containing a trace of 
nitric acid is allowed to fall on the plate. A series of rings of 
periodic precipitates of silver arsenate is obtained by this°pro- 
cedure. The greater the concentration of the diffusing solution, 
the closer the rings are together. The periodicity is supposed to 
originate from the difficulty of precipitation without a nucleus. 
One ring having been formed, precipitation occurs thereat until 
the silver nitrate solution has diffused to a place where a sufficiency 
of sodium arsenate solution remains to render possible new pre- 
cipitation. The interval between successive rings increases with 
increase of distance from the centre of diffusion. Periodic struc- 
ture is also exhibited when a few drops of a cold saturated solution 
of copper sulphate and salicin to which is added 3% of strong 
syrup (sugar) are spread on a microscope slide and warmed, excess 
of liquid being removed, and the plate kept at about 17° above the 
ordinary temperature until crystallisation sets in, and then cooled. 
A polarising microscope reveals a structure periodic some thousand 
times per centimetre. J. g. G. T. 

History of the Discovery of the socalled Liebig’s 
Condenser. R. A. ( Parfume.rie Moderns, 1919, 12, 10—12; from 
Chem. Zenlr., 1919, iii, 209). — The discovery of the counter-current 
principle in condensers is not attributable to Liebig, but was made 
independently by a Frenchman, whose name is unknown, in the 
year 1770, by Christian Weigel in 1771. ami by a Finn, Jean 
Gadolin. ' H. W. 

Filter Funnel. Erich Lehmann (Chem. Zed., 1919, 43, 726).— 
The stem of the funnel is divided so as to form two narrow channels; 
the part connecting the upper portion of these two channels forms a 
support for the point of the filter paper contained in the funnel. 

W. P. g. 

Method for Rapid Filtration. J. Hooters van Lbeuwen 
(t hem. 11 celhhul, 1919, 16, 1424- 1425).- 'I he author has obtained 
satisfactory results with the method proposed by Noyes (Jut. Sugar 
J., May, 1919; from Chem. .1 uni.), in which, bv tearing off a corner 
from cue or two thicknesses of the folded filter paper, an unbroken 
stream of liquid is obtained in the stem of the funnel, filtration 
being thereby accelerated. \\' J. W. 

Tait Vortex-rings and Colloidal Sulphur : with Lecture 

Ku- 8 n lments ' T - Gl,ARESCI11 ( Altl E - JccaJ. Sci. Torino, 

■ u-1918, 53, 321- 331). Vortex rings of mixed air and ammon- 
ium Chloride vapour are so stable that- they are able to traverse 
successively several layers of water nr other liquid, the conclusion 
uauji by the author being that the ammonium chloride is present 
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in the colloidal condition. Good rings are also obtainable by forcing 
sulphur trioxide or phosphoric oxide vapour, by squeezing a rubber 
bulb through a U-tube containing water, etc,; the orifice through 
which the rings issue mav be either circular or square. Various 
procedures are described for obtaining rings by passing the above 
vapours, mixed with other vapours and gases, through different 
ces. 

When hydrogen sulphide and air are passed together through a 
U-tube containing either fresh soda-lime or a mixture of quicklime 
and yellow mercuric oxide, vivid incandescence is observed at h 
certain point in the U tube. In the latter case, when the resultant 
mixture of hydrogen sulphide and sulphur dioxide is passed through 
water the latter becomes milky owing to the deposition of colloidal 
sulphur which is precipitated in arborescent formation and falls 
from the surface to the bottom of the liquid m spirals, each of 
which is terminated by a ring similar to the vortex-rings. A modi- 
fication of this experiment, for use as a lecture demonstration, is 
described. T. H. P. 


Soluble Aluminium Phosphate. A Lecture Experiment. 

Olof Svanberg {Zeitith. anorg. < hem.. 1919. 108, 70—72). V. hen 
to a 1°) solution of aluminium chloride, neutralised with ammonia 
if it has a slight acid reaction, are added a few drops of a 1—2";. 
solution of potassium dihvdrogen phosphate, both being coloured 
yellow by the addition of a drop of methyl-orange solution, tile 
colour of the mixture immediately becomes red without the forma- 
tion of anv precipitate or of any turbidity. V' hen the solution is 
warmed a precipitate comes down, but there is no further colour 
change. Measurements were made of the hydrogen-ion concentra- 
tion in binary solutions of the two sails, and it was found tlial a 
maximum occurs with about 40 mols. % of potassium dihydrogeu 
phosphate. Salts of calcium, magnesium, zinc, or cadmium do not 
give the colour change with the phosphate. Glucinum sulphate 
does give the reaction, but it is much more sensitive to excess of 
phosphate. D- 


Inorganic Chemistry. 


Preparation and Testing of Hydrogen of a High Degree 
of Purity. Jdnius David Edwards (J. Ind. Eng. Chm., 1919. u ' 
961 963). An apparatus has been devised as a substitute tot t 

Kipp generator. Tt consists of two connected cylinders, into our 
of which the zinc is introduced, whilst a tube through a rubber corn 
in the bottom is connected with the acid flask. The outlet tu e 
a s id e connexion, which dips into mercury and serves as a pressure 
indicator and as a safety valve. Ail is exhausted from the e) 111 
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ders, the acid flask nearly idled with dilute sulphuric acid, and a 
few fragments of zinc introduced to sweep out the air before the 
flask is attached to the cylinders. The acid is drawn up into the 
generator by turning a tap at the top and opening a vent in the 
stopper of the acid flask. Pure hydrogen is thus at once obtained 
and fresh acid introduced without admitting air. Tests made in 
comparison with pure electrolytic hydrogen by means of the inter- 
ferometer (A., 1915, ii, 478) showed that hydrogen produced by this 
apparatus contained less than 1 part in 10,000 of impurities. Ill 
similar tests of the gas produced by a Kipp generator 83'86% of 
hydrogen was found to be present seventeen minutes, and 99'97% 
forty-two minutes after starting. [See also ./. ,S'oc. Chem. Ind., 
1920, 19a.1 C. A. M. 

New Experiment to Demonstrate the Minute Mass of 
a Hydrogen Atom. Fa. BCrki {He,h\ Chim. Acta , 1919, 2, 
703 — 704). — A yellowish-green fluorescence is distinctly observable 
in a darkened room when a beam of light is passed through 0'5 c.c. 
of a solution prepared by dissolving 0 4 mg. of fluorescein in 
10 litres of water. The total quantity of hydrogen which can be 
furnished by the weight of fluorescein present in this solution is 
6xl0- n grams, which therefore gives an upper limit for the mass 
of the hydrogen atom. The figure is greatly in excess of the gener- 
ally accepted value. ' H. W. 

Composition of the Atmosphere. August Krogh (Math, 
ft/mke MeMeleltrr , 1919, 1 . No. 12, 1—19).— Our knowledge of 
the composition of the atmosphere is still quite uncertain, especially 
in regard to hydrogen and the relation between oxvgen and nitro- 
gen. Until very recently little attention has been paid to the varia- 
tion in the mixture composing the atmosphere at different altitudes. 
Wegener claims that at a height ot 70 km. hvdrogeu must be the 
chief constituent of the earth’s atmosphere, 'benedict has shown 
by 200 analyses extending over a period of nine months that the 
percentage of oxygen at the surface or laboratory level never varied 
more than ±0'01 from the average, and that, of carbon dioxide 
never more than ±0'005. The author describes a new gas analysis 
apparatus with three gas burettes, one for moving the air sample 
to and from the absorption pipettes, and for saturating the air with 
moisture, a seebnd convenient in size for measuring the air before 
and after the absorption of carbon dioxide, and a third which holds 
the residual gas after- the absorption of oxvgen. The author dis- 
cusses general means for reaching more accurate and constant 
results. The heated platinum wire method has been applied for the 
cetection of combustible gases, and the conclusion is drawn that 

yc rogen or other combustible gas is present in an amount which is 
pro a, y less than 0'002° n . The percentage of carbon dioxide in 
the streets of Copenhagen is usually increased by 0 001- 0'007 The 
need of a thorough research to establish the absolute average com- 
I si ion ot pure atmospheric air with more certainty, and a study 
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of its variations, especially in the higher strata of the atmosphere, 
is strongly urged. Accurate analyses of samples taken simultane- 
ously from aeroplanes at various heights up to 5 or 6 km. would give 
valuable information in regard to mixing by vertical currents. 
Automatic sampling by balloons is suggested. Up to the present 
time the absolute composition of atmospheric air at the earths 
surface has been found to be CO,, 0030%; N,, 79 022%; and 0,. 
‘>0-948% Chemical Abstracts. 

Nitrogen Generator for Laboratory Use.' W. L. Badcsr 
u imi Kny. Vliem., 1919. 11 , 1052 — 1053). — A wide-necked 2-litre 
bottle is closed with a rubber stopper through which passes one end 
of a Liebig condenser jacket (without the condenser tube) ; the lower 
water inlet is sealed off, and the upper one is connected with a side- 
tube which extends through the stopper to the bottom of the 
bottle. A bulb with delivery tube is sealed on the upper end of 
the jacket. The bottle is packed with copper wire, and as much 
ammonia (1:1) saturated with ammonium chloride is poured in as 
the bottle will hold. The jacket is filled with copper turn- 
ings. Air is blown in through a tube reaching nearly to the bottom 
of tlie bottle; the oxygen is absorbed rapidly, and practically pure 
nitrogen escapes from the delivery tube. The passage ol the air (or 
nitrogen) causes the solution to circulate slowly up the jacket and 
through the side-tube into the bottle again. W. P. S. 

The Synthesis of Ammonia at Very High Pressures. 

Georges Claude (Comp!, rend., 1919, 169, 1039 — 1041). — Having 
previously shown the possibility of using very high pressures for 
industrial purposes (ibid., 049), the author has studied the synthesis 
of ammonia at these high pressures, and finds that at a pressure of 
1000 kilos./cm.- and at a temperature of 536° the yield of ammonia 
is over 40%. The zone of temperature within which this reaction 
takes place at a reasonable velocity under such a high pressure is 
500—700°. ' W. G. 

Behaviour of the Hydronitrogens [Nitrogen Hydrides 
and their Derivatives in Liquid Ammonia. VI. Electro- 
lytic Nitridation of Various Anodes in a Solution ol 
Ammonium Trinitride. A, W. Browse, M. E. Holmes and 
J. S. Kino U. Amur, t'hem. Sim.. 1919. 41 . 1769— T776. Compare 
A., 1911, ii, 1084, 1085; 1913, ii, 583).— Solutions of 1 gram of 
ammonium azide in 36 c.c. of liquid ammonia were electrolysed at 
-67°, using anodes of copper, silver, cadmium, aluminium, lead, 
antimony, iron, and nickel. The gas evolved at both anode and 
cathode was measured, and the loss of weight, of the anode deter- 
mined. It is shown that copper anodes undergo electrolytic corro- 
sion to an extent indicating the formation of some cuprous azide, 
CuN,, with cupric azide, CuN„ as the main product. No gas was 
liberated at the anode. With silver, cadmium, lead, and antimony 
anodes the corrosion resulted in the formation of normal azides, 
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AgN 3 , CdN 6 , PbN fi , and SbN 9 , without liberation of gas at the 
anode. Aluminium, iron, and nickel anodes undergo corrosion, 
accompanied by the liberation of nitrogen. The aluminium anode 
became coated with a bulky pyrophoric scale of varying colour and 
texture. Deep red ferric azide, FeNg, was obtained in solution 
when an iron anode was employed, but this product was ammono- 
lysed and yielded an amino no- basic ferric azide. A pink deposit, 
was formed on the nickel anode, presumably an ammono-basic nickel 
azide. J- F. 8. 

Some Properties of Nitrogen Trioxide, Pure or in Solution 
in Nitrogen Peroxide. Georges Baumk and Marius Robert 
(Compt. rend., 1919, 169, 968 — 970). — The authors have studied 
the melting-point and vapour-pressure diagrams of the system 
nitrogen trioxide-nitrogen peroxide. The melting-point diagram 
is normal, and has a single eutectic in the neighbourhood of the 
freezing point of pure nitrogen trioxide. From the vapour-pressure 
curves between -80° and 35°, the author deduces the b. p. of pure 
nitrogen trioxide to be -27°/ 760 mm. 

Pure nitrogen trioxide can only exist at very low temperatures in 
the solid state or in the liquid state under pressure of nitric oxide. 
At temperatures above -100° it dissociates. Tt is not possible to 
distil it in a vacuum because of the immediate formation of an 
atmosphere of nitric oxide at temperatures at which distillation is 
possible. W. G. 

Silicon Hydrides . VII. Protosiloxane, 0!SiH 2 . Alfred 
Stock and Karl Somieski (Ber. t 1919, 52, [Zfj, 1851—1860. Com- 
pare A., 1918, ii, 111). — In the earlier paper it was shown that di- 
oromomonosilane reacts with water to form polymer ides of prot-osil- 
jxane, OlSillo. The unimolecular form has now been obtained as a 
?as by the action of the required amount of water vapour on dichloro- 
monosilane in a very large flask under greatly i educed pressure. It 
has an extraordinary tendency to polymerise, much more so than the 
analogous carbon compound, formaldehyde, in consequence of which 
the flask must be perfectly clean and smooth. Liquid and solid 
polyiuerides are formed immediately on condensation. The liquid 
ones are like benzene, and can bo obtained conveniently as a solu- 
tion by shaking a benzene solution of dicliloromonosilane with water. 
These benzene solutions are fairly stable towards water, but reduce 
silver nitrate in the cold. They correspond roughly with (SiH.,0) fl . 
The solid polyiuerides are insoluble. All the polyiuerides react with 
sodium hydroxide according to the equation SiH.,0 - 2XaOH - 
NaJ3iO,+2H e . ’ J. (\ W. 

Constitutional Formulas ol Kaolinite and other Silicates . 

Rudolf Wegscheider ( Zritsch . A/V/,7 nudum., 1919, 25, 352).- It. 
is shown that the constitutional formulas of polysilicates must, be 
written with the silicon atoms joined through oxygen and not 
directly with one another. Compounds with the silicon atoms directly 
united are reducing agents and unstable. Further, if the polysili- 
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cates are considered as having the silicon atoms directly united it 
will follow that the oxygen atoms must also be directly united, 
which again will point to instability. Ihe combination of a strongly 
reducing group, -Si-Si-, with a strongly oxidising group, -0-0 , 
will of necessity, give a compound of an extremely unstable charac- 
ter which is certainly not the case with the polysilicates. [See also 
K T , 1904, 85. 681; Pukall. A.. 1910, ii, 780; Manchot, 

A., 1910, ii, 1060.] J.h.S. 

Theory of Binary Mixtures. V. Vapour Pressure and 
Molecular Constitution of Liquid Argon and Argon-Nitrogen 
Mixtures F Uolkzalek ( Zeitsch . physikal. Chem., 19i9, 93, 
585-595. Compare A., 1910, ii, 132).-A theoretical paper, i„ 
which using the experimental data previously published, the asso 
ciation constants are calculated from the saturation pressure of 
the mixture, and also the molecular constitution of the mixtures 
and pure argon, the saturation pressures of the liquid mixtures and 
the constitution of the vapour' It is shown that liquid argon is 
partly composed of diatomic molecules and has an association eon 
stant at 85T1 0 abs. of A' = 0’20. Hence at low temperatures argon 
possesses chemical affinity, and consequently argon compounds are 
to be expected at low temperatures. There is therefore no funda- 
mental difference between the inactive gases and other gases, but 
only a difference of degree. When liquid argon is diluted with 
liquid nitrogen the diatomic molecules dissociate according to the 
law of mass action. The vapour tension of liquid argon-nitrogen 
mixtures, as well as the constitution of the vapour, may be calcu- 
lated at all concentrations by means of the author’s theory ol 
solution (A., 1909, ii. 22). J - F - S ' 


Preparation of Metallic Potassium. Fritz C. Wickel and 
Walter Loebel (D.R.-P. 307175 ; from Chem. ZeiHr., 1919, iv. 3G1). 

Accurately measured quantities of metallic sodium and potassium 

hydroxide are melted together with exclusion of air, so that sodium 
oxide is formed and potassium is volatilised from the mixture (at 
about 670°), and suitably condensed. Hydrogen is obtained as 
by-product. The process is suitable for the manufacturing scale. 

FT. W - 


The Autoxidation of Sodamide. Hans Schraubb (Zeitsch. 
unary. Chem., 1919. 108, 44 -48). -The amides of the alkali 
metals are known to undergo autoxidation, with the formation o 
nitrite, hydroxide, and ammonia . When finely divided sodamide 
is exposed to air in presence of a little water, a yellowish-red oxn a- 
tion product is formed, which is now shown to be a peioxHe, 
probably of the formula NaNII,.0,. The peroxide formed " a » 
estimated by adding the product to a cold saturated solution or 
barium chloride, when barium peroxide was precipitated, and "as 
estimated in the usual way. It was found that a samp e 0 
sodamide gave in fifty-eight- days at ordinary temperature U 
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mol. % peroxide and 6'9% nitrite. In dry air, autoxidation does 
not take place at the ordinary temperature, but at 100° to 110° the 
peroxide is slowly formed. The peroxide is stable in dry air, but 
in moist air is changed into a white substance, the aqueous solution 
of which gives the peroxide reaction. E. H. R. 

Solubility and Fusion Relations at High Temperatures 
and Pressures. George W. Morhy (J . Eng. Club, Philadelphia, 
1919, 35, 509 — 519). — An address. The preparation of the com- 
pounds monopotassium aluminate, K ,0, A 1 large, octahedral 
crystals, and monopotassium, ferrite, K,0,Fe,0 3 , large, red, octa- 
hedral crystals, decomposed by water below 500°, is mentioned. 

Chemical Abstracts. 

The Properties oi Ammonium Nitrate. I. The Freezing 
Point and Transition-temperatures. Reginald George Early 
and Thomas Martin Lowry (T., 1919, 115, 1387 — 1404). 

Action of Bromine on Calcium Carbide. Edward Barnes 
((them. News, 1919, 119. 960 — 261). — Liquid bromine acts slowly 
on calcium carbide at ordinary temperatures, producing carbon 
hexabroinide and calcium bromide. 4 o Grams of finely powdered 
calcium carbide, treated with 15 grains of purified dry bromine in 
a 50 c.c, bottle for five months, gave a product which, after removal 
of excess of bromine, weighed 32-4 grams and contained 22 grams 
of hexabromoethane, 8’8 grams of calcium bromide, and 02 gram 
of unchanged calcium carbide. Calcium carbide and bromine 
heated in sealed tubes at 100°. until no further action was apparent, 
produced carbon and calcium bromide. Dry chlorine was found to 
have no action on calcium carbide exposed to it at the ordinary 
temperature for two months. S. S. A. 

Reduction of Barium Nitrate by the Alternating Current. 

I 1 . Wenger and A. Lvbomihski (Ann. Chim. mud.. 1919, [iij, 1, 
339 — 342). — With lead electrodes, the yield of nitrite increases with 
the amperage, but with mercury electrodes the maximum yield is 
obtained with 0'6 ampere; the yield also increases with temperature 
in the case of lead electrodes, and decreases with aluminium or zinc 
electrc-des. Temperature has little, if any. effect when copper, 
cadmium, or magnesium electrodes are employed. The oxygen 
liberated from the nitrate combines with the electrode, forming 
suboxides (copper, mercury, cadmium, and tin electrodes), hydr- 
oxides (lead, zinc, aluminium, and magnesium electrodes), or oxides 
(nickel and silver electrodes). The nitrate is not, reduced bv the 
metallic electrodes unless the current- is passing. \V. P. S. 

Purification of Magnesia. Conditions in which Periclase 
or Crystalline Magnesia is Formed. J. Meunier (Bull. Soc. 
shim., 1919, [iv], 25, 560 — 562). — Magnesium oxide may be freed 
from contained calcium by igniting the material at a red heat and 

vol, csvm. ii. 2- 
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subsequently, after cooling, extracting it with successive quantities 
of a 10% sucrose solution until the last extract does not give any 
turbidity with ammonium oxalate. If such material is then washed 
with water, dissolved in hydrochloric acid, the solution evaporated 
to dryness, and the residue gradually heater! in a covered crucible 
until it attains a red heat, magnesium oxide is obtained in the form 
of crystals of periclase on the lid and sides of the crucible and on 
the surface of the amorphous oxide in the crucible. The material 
so obtained is very pure. W. G. 

Concentrated Thallium Amalgams : their Electro- 
chemical and Thermochemical Behaviour ; Densities and 
Freezing Points. Theodore W. Richards and Farrington Daniels 
(,/. A mer. Chem. Soc., 1919, 41, 1732— 1768). — The eled|tromotive 
force, density, specific volume, specific heat, heat of dilufljon, and 
freezing point of thallium amalgams up to a concentration M 40'9% 
thallium have been experimentally determined. The heat solu- 
tion of thallium in mercury ana in various amalgams has alAo been 
determined. The E.M.F. measurements were made at 20° , 30°, 
and 40°, and are shown to be much greater than demanded 1 y the 
simple concentration law. The temperature-coefficients oi the 
E.M.F.’s have been calculated for the various amalgams, and they 
are found to be less than is demanded by the gas law and vi ry as 
the concentration increases. The solution volume of thallii nil is 
remarkably constant, varying only from 17‘47 to 17 ■ 51 , but d is 
somewhat larger thau the specific volume ( 17 ' 2 1) of thal ffiun. 
Thallium, therefore, must expand on amalgamation. The 

coefficients of expansion were calculated from these results, Iso! 
found to diminish with increasing concentration. The ffleat 
capacities were found to be distinctly larger than the sum of 
heat capacities of the thallium and mercury in the amalgam. This 
excess is greater in dilute than in concentrated amalgams. The 
heat of dilution with mercury was determined at 20°, and from 
the results the values at 30° and 325° were calculated. Although 
the heat of dilution of thallium amalgam is a very different effect 
from the transfer of thallium from one amalgam to another, it is 
shown that either of these effects may be calculated from the other. 
Within the limits of experimental error, the heat effects in the cells 
of which the E.M.F. was measured may be calculated from either 
the heat of dilution of the amalgams, or the heat of solution of 
thallium in the amalgams, or the temperature-coefficient of the 
E.M.F. , each of these three methods giving essentially identical 
results within the limits of experimental error. The freezing points 
of amalgams containing from 16 to 45 atomic % of thallium were 
found to give a curve indicating conclusively the existence of the 
solid compound Tl 2 IIg ; . The single potential of pure electrolytic 
thallium was found to be about 2'5 m.v. more negative than that of 
saturated thallium at the ordinary temperature. J. F. S. 

Nitrous-Nitric Complexes of Thallium. L. Roi.la and 
G. Belladen (Gazzetta, 1919, 49, ii, 217—224). — Thallium nitrite, 
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like barium, strontium, and calcium nitrites (compare Vogel, A.. 
19,>3. ii, 591), has a specific electrolytic conductivity below that of 
the corresponding nitrate, and undergoes normal dissociation. The 
f ! of the cell, thallium amalgam \X j 10-thallium nitrite | normal 
electrode, is 0*667 volt at 25°, the same value being obtained if 
the nitrite is replaced by the nitrate. 

Peters found that lead nitrate and nitrite interact in solution, 
forming well-defined compounds containing both salts. Similarly, 
thallium nitrite and lead nitrate react, yielding compounds contain- 
ing pb, Tl, NO s , NOo, and OH. With potassium nitrite and 
thallium nitrate*, however, despite wide variations in the concentra- 
tions of the reacting solutions, no product containing potassium 
could be obtained ; the nitrate-nitrites formed, although they have 
compositions differing greatly from those of Peters' salts, are stable 
and may be recrystallised unchanged. If the two reacting salts 
are taken in molecular proportions, the resultant product has the 
percentage composition Tl 76-65. NO, 20*58, and NO., 2 76, whilst 
in the proportion T1N0 :{ and 2KNO* the compound obtained has 
the formula Tl^N-.O*, the ratio of NO^ to NO., in the complex ion 
heinrr 2:1. With 3 mols. of potassium nitrite and 1 mol. of 
thallium nitrate, the product has the percentage composition Tl 
82-78, NO :{ 6*64, N0 2 5*80, and 011 4-78, and with 4 mols. of the 
nitrite to 1 mol. of the nitrate the composition is Tl 86-22, NO- 
1-27. NO, 4-17. and OJI 8*34. T. H. P. 

Investigations on some Rapid Low Temperature Reactions 
by means of Heating Curves. J. Arvid Hedvall and Nils 

von ZwEicRF.HGK {/irituch. anon/. (' hnn ., 1919, 108, 119 -136). — 
In a previous paper (A., 1919, ii. 26) it was shown that the decom- 
position of barium peroxide takes place at a much lower tempera- 
ture in presence of all modifications of silica than when heated 
alone, a certain amount of barium silicate being formed at the 
“ime time. The behaviour of a great number of other oxides when 
eated with barium peroxide has now been studied by examining 
le heating curves of the mixtures in molecular proportions, 
uprous oxide reacts violently with barium peroxide at about 130° 
nd is completely oxidised to cupric oxide. The latter decomposes 
arium peroxide catalyticallv, the optimum temperature being 
bout 660°. Magnesium and calcium oxides start the deeomposi- 
[Oii of the peroxide at 250° and 310° respectively, whilst zinc oxide 
flings about slow decomposition between 200° and 370°, and at 

I e same time form.; barium zincate*. Purely catalytic action is 
own by cadmium oxide, lanthanum oxide, and cerium peroxide, 
lilst zirconium oxide and stannous and stannic oxide are without 
tion. Alumina acts catalytically and forms an aluminate. 
tanium oxide and barium peroxide in molecular proportions, when 
ated below 300°, evolve oxygen slowly; above 300° a titanate is 
™ed, probably BaTiO.,. When the proportions 2BaO, to TiO., 
e used, a basic titanate, completely soluble in acetic acid, is 
rnied. Litharge and barium peroxide between 300° and 400° 
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give no oxygen, but form a brown product, the nature of which 
has not been determined. Above 500°, much, oxygen is evolved 
and a product formed, probably Ba 2 Pb0 4 , which leaves a residue 
of lead peroxide when treated with nitric acid. Vanadium pent- 
oxide reacts vigorously with barium peroxide. When equimolecular 
proportions are used, reaction begins at 215° and is ended at 530° 
barium metavanadate, Ba(V0 3 ) 2 , being formed. With 2Ba0 2 , the 
metavanadate is first formed, but at 375° a second, very vigorous 
reaction starts, and the colour changes from brown to white, the 
product formed being apparently Ba 2 V 2 0 7 . Tantalum pentoxide 
also reacts vigorously, with formation of a tantalate. When 
arsenic trioxide is heated with barium peroxide (3 mols.), arsenic 
pentoxide is first formed at 310° to 410°, and above 465° evolution 
of oxygen begins and barium arsenate is formed. Antimony tri- 
oxide behaves differently, as at 200° oxygen is evolved with almost 
explosive violence. Bismuth trioxide starts a gradual evolution of 
oxygen at about 250°, and higher oxides of bismuth, or compounds 
of these with barium oxide, appear to be formed. Chromium 
sesquioxide is rapidly oxidised above about 225° without evolution 
of oxygen, barium chromate being formed. The oxides Mo0 3 , 
W0 3 , U 3 0 8 , and U0 3 all cause evolution of oxygen and form 
molybdates, tungstates, and uranates respectively. The lower 
oxides of manganese are all oxidised, barium manganate being 
formed. Ferric oxide acts catalytically, and at the same time 
ferrate is formed. Nickel and cobalt oxides both act catalytically, 
and are at the same time changed into higher oxides, which, how- 
ever, do not agree in their properties with the known peroxides of 
these metals. E. H. R. 

Basic Exchange in Permutite. V. Rothmund and G. 
Koknfeld (Zeitsch. anorg. Chem., 1919, 108, 215 — 225). — In a 
previous paper (A., 1918, ii, 315), basic exchange between univalent 
metals in permutite was studied. The inquiry has now been 
extended to bivalent metals, with the study of the exchange between 
copper permutite and the nitrates of magnesium, calcium, 
strontium, and barium, and it has been confirmed that, with 
equivalent ions, the reaction is independent of the dilution. The 
tendency to permutite formation is least with magnesium, and 
increases steadily from calcium to barium. For the equilibrium 
between uni- and bi-valent ions, the equation takes the form 
( c l0 2 /^ .(cj/ci 2 )^^, and this formula has been verified for the. 
exchange between silver permutite and barium nitrate, and for 
that between calcium and sodium in sodium and calcium permutites. 
In the latter case a gap was found in the series, showing that 
calcium and sodium permutites are not completely miscible. The 
equilibrium for these cases is not independent of the dilution. A 
few experiments on the exchange between lanthanum and silver 
permutites showed that in this case the dilution has a marked 
influence on the equilibrium. E. H. R. 

Preparation of Colloidal Mercury by Cathodic Dis- 
integration. A. Gutbier and G. L. Weisk ( Kolloid Zeitsch., 1919, 
25, 97 — 100). — Colloidal solutions of mercury may be prepared by 
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striking an arc between a clean mercury surface and a thin 
platinum foil cathode under water. The most suitable current to 
employ for the purpose is 3 — 4 amperes at either 110 or 220 volts. 
By this means, at ordinary temperatures, the sols are obtained, 
which have a grey colour, and change from light grey to bluish- 
urey and then to grey as the concentration increases. The sols are 
not very stable; on keeping, they coagulate in about twenty-four 
horn's, and are coagulated by very small quantities of electrolytes. 
In all cases, the coagulation is irreversible. Much more stable sols 
are produced when a protecting colloid is present; thus, using 1 : 10 
or 1 : 50 gum arabic solution in water, grey sols are produced, which 
may be preserved for ten to fourteen days. These sols are also 
very sensitive to electrolytes and are irreversibly coagulated by the 
addition of alcohol. J. F. S. 

Scandium. K. J. Meyer and B. Schiveig (Zcitsch. anorg . Chm 
1919, 108 , 303 — 317). — It was shown in a previous paper (A., 1914, 
ii, 369) that the atomic weight of scandium given in the Inter- 
national tables cannot be accepted as a final figure. The impuri- 
ties likely to be present in scandium preparations separated by the 
usual methods from the other rare earths are traces of thorium and 
of the elements of the yttrium earths. It has now been found that 
complete separation of scandium from these impurities can be 
effected by fractional crystallisation of scandium formate or of 
ammonium scandium fluoride, (NH 4 ) 3 ScF c . A sample of scandium 
oxide, the spectrum of which showed no trace of yttrium lines and 
only faint traces of those of thorium and ytterbium, was frac- 
tionated by the formate method, and when the most soluble frac- 
tion was examined spectroscopically, the lines of all these elements 
showed up very strongly, showing that the spectroscopic test fo? 
them is not so sensitive as is usually supposed. The least soluble 
fraction appeared to be pure scandium formate, and the atomic 
weight of the metal, determined by the sulphate method, was 45 '33 
to 45-35. Ammonium scandium fluoride was crystallised from hot, 
weakly ammoniacal aqueous solution. The impurities separated 
first from the hot solution, and after these had been filtered off, the 
solution was allowed to cool. After two or three such crystallisa- 
tions, the spectrum of the double salt showed no signs of the 
presence of foreign elements. Atomic weight determinations on 
the pure materials thus prepared were made by Honigschmidt by 
analysis of scandium bromide, the mean result of a series of experi- 
ments pointing to 45-1 as the true atomic weight of scandium (A., 
1919, ii, 285 — 286). This is one whole unit above the accepted 
value. The present authors confirm Honigschmidt’s conclusion that 
an exact determination of the atomic weight cannot be made by 
the sulphate method, on account of the impossibility of preparing 
4 pure scaudium sulphate free from both basic and acid salts. 

E. H. R. 

The Changes Undergone by certain Alloys of Aluminium. 

hEoN Gcillet (Compf, rend., 1919, 169 , 1042 — 1043).— rlt has 

2*— 2 
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I,eeii shown previously (A., 1902, ii, 264) that certain alloys of 
aluminium with either iron, manganese, or nickel rapidly crumble 
to powder in the air. These experiments have been repeated, and 
this time the alloys of aluminium with iron or nickel remained 
stable The aluminium-manganese alloy, containing 85-4% of man- 
ganese crumbled very rapidly in the air, but more slowly in 
oxyoen nitrogen, or hydrogen, without gaining in weight. The 
change’ is to an allotropie modification. Similarly, an alloy of 
aluminium and antimony fell to powder in moist air, but not in 
dry air, but ill this case the change was chemical, oxidation taking 
place. 

The Ternary System, Aluminium-Copper-Zinc, with 
Reference to Zinc in Particular. V. Jares (Int. Zeitsch. 
Metallor/., 10. 1—44; from Chem. Zentr 1919, in, 512—514). 
—The literature of the biliary systems Al-Zn, Al-Cu, and Cu-Zn 
is critically reviewed, in addition to that of the ternary system, 
with reference to copper. The author has chiefly investigated the 
portion of the system Al-Zn-CuAl-CuZn,. This can he resolved 
into four equilibria triangles, to each of which a ternary, non- 
variant, pseudo-eutectic point belongs, which (except iu one 
doubtful case) lies outside the equilibrium triangle. At 424 , with 
68 % zinc, 12 '% copper, and 2ft % aluminium, reaction is_ expressed 
by the scheme: aluminium mixed crystals (fused mass — Al,Zn 3 + 
CuAl, ■ at 418°, with 72% zinc, 11-5% copper, 16*5% aluminium, the 
equation is CuAl,+ fused mass — Al,Zn 3 + CuAl; at 406°, with 
79 - 5 % zinc, 9 % copper, and ll'o% aluminium, equilibrium occurs as 
follows: AUZn-j + CnZn, ~ fused mass; at 385°, with 94% zinc, 1% 
copper 5 %’ aluminium, the reaction is CuZn 4 + fused mass — 
Al,Zn s ’+ Zn, mixed crystals; at 590°, with 76% zinc, 23% copper, 
11% aluminium, equilibrium occurs thus: 5 + fused mass — 
CuAl + CuZn 4 . Ternary compounds were not observed. The alloys 
were prepared by melting the requisite amounts of the pure metals 
in unglazed crucibles in an electric furnace with alloys containing 
20, 50, and 70% of copper. The temperatures were measured with 
platinum-platinum rhodium or with silver-nickel thermo-elements 
(calibrated by the m. p.'s bismuth 269°, lead 327°, zinc 419 , 
3b 630’5°). The changes iu the solid alloy resulting from 

the decomposition of the compound Al 2 Zn> at 256° were not 
investigated. The microscopic observations were made with 
sections etched with aqueous sodium hydroxide solution ( 2 %) or 
alcoholic picric acid ( 2 %). _ , , 

The mechanical properties of alloys of aluminium, copper, an 
zinc, rich in the latter, have been investigated; to secure a near 
approach to the technical alloys, commercial zinc containing about 
1 % of lead was used. The hardness of slowly cooled specimens m 
the system Zn-Al increases rapidly with the aluminium content to 
about 70 at 10% Al, remains constant to about 20% Al, and then 
increases very -lowly ; it reaches a maximum in the system Zn-Lu 
at about 5% Cu, sinks to a minimum at 12 — 14% Cu, and su se 
quently increases very rapidly. The minimum of the Zn-Cu al oy 
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is also observed in the ternary system Al-Cu-Zn in slowly cooled 
specimens, but is absent from quickly cooled specimens; the hard- 
ness increases considerably more uniformly. The tenacity of 
Cu-Zn alloys shows a maximum at about 10% Cu, whilst that of 
Zn-Al alloys increases fairly rapidly with addition of copper to 
about 8 — 10% Cu, and then sinks. Fractured surfaces of zinc 
become liner by addition of aluminium without altering the usual 
structure; addition of copper causes little alteration in the region 
of the zinc mixed crystals, but subsequently the fracture is more 
finely granular. The compressibility of alloys of zinc 90%, Cu 6%, 
and A1 4% has also been investigated. The tenacity and hardness 
of brass or ordinary bronze is readily attained in Al-Cu-Zn alloys, 
but- the brittleness of the latter make them an imperfect substitute 
for the former. 

The technical possibilities of Al-Cu-Zn alloys rich in the latter 
are discussed. The maximum useful copper content is estimated 
at about 10%, the minimum at about 4%. Aluminium should not 
exceed 5%, and should be diminished with increasing amounts of 
copper. The alloys are not suitable for steam ; they oxidise too 
readily, only withstand moderate pressure, and are corroded by 
many salt solutions, alkalis, and natural waters. They can only 
be used with caution in making parts subject to considerable 
mechanical strain. They are frequently useful for fine mechanical 
work, such as physical instruments. II. W. 

The Ternary Systems, Mg0-Al 2 0 3 -Si0 2 and Ca0Al 2 0 3 - 
MgO. A. Meissner ( Zement , 8, 296 — 298, 308 — 310; from 
Chem. Zentr.y 1919, iii, 511). — The temperature-concentration 
relationships in the first system of the different, crystalline phases 
in equilibrium with the liquid phases have been investigated, and 
the results are expressed in diagrams and by a model. A ternary 
compound , 2MgO,Al 2 O s ,SiO.,. unstable at its in. p. and showing 
considerable tendency to the formation of mixed crystals, has been 
observed in two forms; the unstable, //.-variety crystallises from 
glasses at a temperature of about 950°, and passes at a somewhat 
higher temperature into the stable a- variety. The properties of 
both forms, more particularly of the a-form. are similar to those 
of the mineral cordierite. The system ('aO -Al.j0 3 -MgO is 
paratively simple, since it does not yield a ternary compound which 
is stable in the presence of the liquid phase. Its investigation, 
therefore, is concerned with the equilibrium of the components 
CaO, A1 2 0 3 , and MgO, and of their binary compounds. 3CaO.ALO ;1 , 
5Ca0,3Al 2 O 3 , CaO,ALO. { , 3CaO,5ALO ;i , MgO.ALCh. in ternary 
solution. The results are expressed in a series of temperature- 
concentration diagrams. A new form of aluminium oxide is 
designated /S-AlAh.. The relationship of each of the forms in the 
binary system MgO-ALO.< demands the presence of solid solutions, 
the amount of which has been estimated. H. W. 

Manganese-Bismuth, Manganese-Zinc, and Manganese- 
Silver Alloys. Paul Sikbk (Zeitsch. anorg. Chnn., 1919, 108, 
161 183). — The condition diagram for manganese -bismuth alloys 
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has been determined by the cooling curve method. The two metals 
are not completely miscible. When more than 23% of manganese 
is present, two layers are formed, the upper consisting of practic- 
ally pure manganese, whilst the lower is a 23% solution of mam 
ganese in bismuth. Five arrest points were found, corresponding 
with five crystalline phases. The eutectic horizontal is at 259°, and 
the other four horizontals, corresponding with the arrest points, are 
at 442°, 597°, 1043°, and 1252°. The last represents a eutectic 
containing at most 0*5% bismuth, which lowers the melting point of 
manganese 13°. From alloys containing up to 0*5% of manganese, 
Plire bismuth first separates; with 0'5 to 9% of manganese, the 
first compound separates; from 9% to 11% a second compound, and 
from 11% to 20% a third. The nature of the compounds has not 
been determined. Between 23% and 99' 5% of manganese there is 
a complete gap. The microscopic appearance of the different 
crystalline phases is described. The hardness of the alloys increases 
with the manganese content. They are ferromagnetic, and this 
property has been shown to be peculiar to the first compound, 
crystallising from alloys containing between O' 5% and 9% of 
manganese. 

Alloys of zinc and manganese could be prepared containing only 
up to 50% of manganese. Those containing from 0% to 11% of 
manganese show an arrest point at 416°, the eutectic point. The 
eutectic compound contains a very small, undetermined quantity 
of manganese, which lowers the melting point of zinc 3°. The 
mixed crystal constituent of the eutectic contains 11% of man- 
ganese, and a series of mixed crystals are formed containing up to 
50% of manganese. The alloys are brittle and increase in hard- 
ness as the manganese content increases. 

The behaviour of a series of manganese-silver alloys with a 
number of chemical reagents has been studied. A sharp distinc- 
tion was found between those containing 0-22 and 0'24 mol. of 
manganese and those containing 0'26 and O' 28 mol. respectively. 
The latter pair were readily attacked by silver sulphate solution, 
with deposition of silver; by copper acetate and copper sulphate, 
with deposition of copper ; and bv sulphuric and hydrochloric acids, 
with liberation of hydrogen, whilst the former pair, containing less 
manganese, were unattached. There was found a similar sharp 
difference when the electric potentials of the two pairs were com 
pared. Those alloys containing more than 0-25 mol. of manganese 
appear to behave, both chemically and electrically, practically as 
pure manganese. E. IT. R 

Fluoro salts of Tervalent Manganese. T. Bellucci (GazzeiUt, 

1919, 49, ii, 180 — 186). — The author has isolated the tervalent 
manganese fluoro-salt which causes the anomalous results obtained 
when Lunge’s method of estimating nitrous acid bv means of per 
manganate is applied to solutions containing fluorine ions in high 
concentration (compare A.. 1919, ii. 476). This salt, KAfnF-JT.A 
which belongs to the only known type of Huo salts of tervalent 
manganese, may be obtained by the action of nitrous acid in 
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presence of hydrofluoric acid either on potassium permanganate 
u r on a manganous salt, the nitrous acid acting in the former case 
as a reducing agent and in the latter as an oxidising agent. 

T. H. P. 

The Atomic Weight of Iron. Alois Bilecki ( Zeitsch . anorg. 
('hetn.j 1919, 108, 318—320). — In a previous paper, the atomic 
weights of silver and oxygen were compared through that of man- 
ganese (this vol., ii, 26). A similar comparison can be made 
through the atomic weight of iron. Baxter, by analysis of ferrous 
bromide, found Fe=55*8378 when Ag = 107-88, or Fe=55-90 when 
Ag=; 108*00. By analysis of ferric oxide, Richards and Baxter 
obtained in two series of experiments 55-90 and 55-883, taking 
0-16. A careful comparison of the data of the individual ex- 
periments establishes the fact that the ratio of silver to oxygen 
must be 108:16 or 107-88:15-9822. thus confirming the conclusion 
which was arrived at from a consideration of the atomic weight of 
manganese. E. H. R. 

The Penetration of Iron by Hydrogen. T. S. Fuller 

{Trans. Amer. Electrochem. Soc ., 36 , 16 pp.). — Penetration of 
iron by molecular hydrogen begins at 325° and increases rapidly 
with the temperature, but nascent or atomic hydrogen penetrates 
iron at the ordinary temperature, as shown by these experiments. 
An iron tube with 1 /16-in. walls, connected at the ton to a U-tube 
device for measuring the volume of gas entering the tube through 
its walls, was immersed in a 1% solution of sulphuric acid. 
Hydrogen generated on the outside of the tube passed through the 
walls, the rate varying with the conditions. The rate was greater 
for a unit immersed without electrical connections than when the 
unit was used as a cathode, but in the latter case the greater the 
current the greater is the penetration. The rate also increases 
with temperature. Copper is not penetrated by nascent hydrogen, 
but a coating of tin on the iron increases the rate. Results are 
given for other conditions and electrolytes. It was proved that 
there was no penetration by acid, but by gas alone. 

Chemical Abstracts. 

Tin Hydride. I. Fritz Paneth arid Karl Forth ( Ber. } 1919, 
52 . [/#], 2020 — 2029). — The authors have applied the method which 
was successfully used in the study of bismuth hydride (Panetli and 
Wmternitz, A., 1919, ii, 68) to the problem of the isolation of a 
hydride of tin. An alloy of tin and magnesium, corresponding 
with the formula MgoSn. is dissolved in 4iV*hydrochloric or 
sulphuric acid; the gas which is evolved is filtered through cotton- 
wool, dried by calcium chloride and phosphoric anhydride, and led 
through a heated hard-glass tube; a mirror of metallic tin is formed 
in close proximity to the hot part- of the tube, which, when well 
developed* consists of three zones, a whitish-grey, blackish-grey to 
black, and finally brown in colour. The reactions of the mirror 
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are very fully described, the most distinctive of them being the 
insolubility in cold, concentrated nitric acid, and the formation of 
purple of Cassius and calomel by gold and mercuric chlorides, 
respectively, after preliminary treatment of the ring with dry. 
gaseous hydrogen chloride. Preliminary experiments also show 
that the gas can be condensed by liquid air and re-evaporated with 
out decomposition, so .that its collection in some quantity appears 
possible. The yields, however, are as poor as in the case of bismuth 
hydride, only a few thousandths per cent, of the tin of the alloy 
being converted into the hydride. 

[With A. Marschall.| Preliminary experiment appears to show 
that lead hydride can exist ill the gaseous state. It is formed from 
the magnesium-lead alloy in yield which is worse than in the cases 
of bismuth or tin. hut better results are obtained by an electrolytic 
process of reduction. H. W, 

The Question of the Existence of Zirconium Monoxide. 

Robert Schwarz and Hugo Df.isi.er ( Her ., 1919, 52, ' /; 
1896 — 1903). Winkler (A.. 1890. 1375), Dennis and Spencer (A,. 
1896, ii. 558), and Wedekind (A.. 1905. ii, 596) have studied the 
reduction of zirconium dioxide by magnesium, and obtained black 
powders which recombined with oxygen on heating in the air, tile 
increase in weight approximating to that required by the formula 
ZrO. The experiments have been repeated under various condi- 
tions (in a Rose crucible, in a combustion tube in an atmosphere 
of carbon dioxide, in porcelain lubes at 1000° Idled with carbon 
dioxide or hydrogen or evacuated, anil in a crucible fired In- 
thermite), but it is found that it is quite accidental that the black 
powder left after removing the excess of magnesium anil its oxide 
should increase bv the theoretical quantity (nearly 15%) on heating 
in oxygen. In fact, the more quickly the reduction is performed, 
the greater is this subsequent absorption of oxygen, rising in one 
case to 28%. 

It appears, therefore, that the black powder is a mixture of 
metallic zirconium and its dioxide. To test this assumption various 
specimens of the powder were heated at about 2511° in a stream of 
chlorine or at high temperatures in hydrogen chloride gas. the 
sublimate being analysed. It was expected that the free metal 
w-ould give the tetrachloride, the dioxide remain linattacked, and 
the monoxide, if anv, produce water in the case of hydrogen 
chloride. No indication whatever could be obtained of the presence 
of the monoxide. The sublimate consisted of the tetrachloride 
and its weight agreed exactly w-itli the increase of weight sulfered 
by the powder when heated in oxygen. The dioxide is not attacked 
at all. even at 500°. J. C. W. 

Zirconyl Compounds with the Oxy halogen Acids, F. F. 

Venable and I. W. Smithf.v (./. .1 ilirr . (' linn . Sur .. 1919, 41. 
1722 — 1727). -Zirconium hydroxide floes not di-solve in iodic acid, 
and ‘herefere zirconium iodate was prepared bv adding iodic acid 
solution to a solution of ziramvl chloride, when a white precipitate. 
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insoluble in water, alcohol, and ether, was obtained. It was decom- 
posed by hydrochloric acid, with evolution of chlorine, and at 125° 
iodine was evolved. The precipitate was filtered without any wash- 
ing and other samples were filtered and washed with measured 
volumes of water with the object- of determining the amount of 
hydrolysis. The unwashed precipitate had the composition 
ZrO(OH),,b>ZrO(10,) 2 when obtained from concentrated solutions, 
but from dilute solutions the salt is more basic and has the com- 
position 5ZrO(OH) i .,8ZrO(IO ;i )2. When the second compound was 
washed with 6 litres of water at the ordinary temperature, the 
compound had the composition 3ZrO(OH).j,4ZrO(IO :! ).,. On wash- 
: n<r with 20 litres of boiling water, the compound 
2ZrO(OH).„ZvO(TO ;{ ), 

was obtained, and with ,‘10 litres of boiling water the compound 
3 Zi‘ 0 ( 0 Hj.»,ZrO(TO 3 ) 2 was produced. Zirconium hydroxide is 
readily soluble in 30% perchloric acid. When the action was 
allowed to take place at the ordinary temperatures, the compound 
2r0(C10 1 ).>.H010 4 crystallised out in large, triclinic crystals, but 
when perchloric acid was heated with an excess of zirconium hydr- 
oxide. the compound Zr0(0II)2,9Zr0(C10.), was obtained in 
crystal clusters, which were soluble in alcohol, ether, benzene, 
chloroform, or carbon tetrachloride, but could not be recrystallised 
from these solvents. On adding potassium chlorate to a cold con- 
centrated solution of zirconvl perchlorate, crystals of basic zirconyl 
chlorate. ZrO(OH ).,,3Zr0(C10 :4 ).,. were obtained. The crystals 
were extremely deliquescent, very soluble in alcohol, but insoluble 
in ether. They were faintly yellow in colour, had an odour of 
chlorine dioxide, and oxidised organic matter verv readily. 

j. F. 8. 

Elimination of Vanadium from the Arsenical Waters of 
the Bellville District, Province of C6rdoba, Argentine. 

Fredekico Reicheut and Ravi. Wernicke (Anal. Soc. Qunn. 
.Irt/rnfina, 1919. 7. 110 -113). Solutions of ferric salts and of 
ferrous sulphate added in small quantities to alkaline solutions of 
sodium vanadate cause the precipitation of the vanadium as in- 
soluble ferric vanadate, and also by adsorption on the ferric hydr- 
oxide formed. It is proposed to apply the method for the 
simultaneous removal of arsenic and vanadium from natural waters. 

W. 8. M. 

[Preparation of Potassium Pyroantimonate for the Esti- 
mation of Sodium.] J. D. van Fkkuwf.n (Chem. Week bind, 1919. 
16, 1426). -Potassium pyroantimonate. which will remain un- 
affected for a prolonged period, is made as follows: 20 grams of 
potassium antimonyl tartrate are mixed with an equal quantity of 
potassium nitrate, and the mixture is heated to redness in a 
crucible- When reaction has ceased, the lid is placed on the 
crucible, and heating continued for fifteen minutes. After cool- 
uig, .i() c.r. of warm water are added, and the mass stirred until it 
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becomes powdery. It is then filtered through a porcelain vacuum 
filter, tile residue is treated with 1 00 c.c. of cold water, and trails 
ferred with the filter paper to a flask containing 500 c.c. of boil- 
ing- water. After boiling for one minute and rapidly cooling, some 
aluminium hydroxide is added, the mixture is shaken, and finally 
passed through an ordinary Alter paper. W. J. W. 

Bismuth Thiosulphate Compounds. L. Vanino and p. 
Mussgnug (Arch. Pluirm., 1919, 257 , 264 — 266). — The authors 
have prepared various double thiosulphates of bismuth by makinv 
use of bismuth-mannitol solution. Hauser (A,, 1903, ii, 487) 
describes an unstable bismuth sodium thiosulphate, but a stable 
compound, BiNa.,(S.,0 3 ) s , which crystallises in small octahedra, is 
obtainable by the interaction of bismuth-mannitol solution and 
sodium thiosulphate in presence of manganese chloride. Bismuth 
ammonium thiosulphate, Bi(NH 4 ) 3 (S 2 0 3 ) 3 ,2H 2 0, forms a yellow 
precipitate, which soon changes colour, and on solution in water 
undergoes decomposition. Bismuth strontium, thiosulphate , 
Sr 3 [Bi(S,0, J,],, 

prepared from bismuth-mannitol solution and strontium thio- 
sulphate, forms a yellow, indistinctly crystalline mass, and under- 
goes hydrolysis when dissolved in water. The bismuth-silver com- 
pound, similarly obtained, forms a yellow precipitate, becoming 
black in a few seconds- the bismuth-copper compound is pre- 
cipitated only on addition of alcohol. 

Unsuccessful attempts were made to prepare bismuth dithionate 
and trithionate. On addition of sodium trithionate (compare 
Willstatter, A., 1903, ii, 543) to bismuth-mannitol solution, the 
liquid soon blackens; as this behaviour is not shown by sodium 
dithionate, the presence of bivalent sulphur in trithionic acid is 
proved. T. H. P. 

Platotriammine Sulphite. D. Strom holm ( Zcitsch . anorq. 
C'kejfi., 1919, 108 , ‘211 — 214). — When the ammonium salt of t.ri- 
chloroplatosulphonic acid is warmed in aqueous solulion with excess 
of ammonia, platotriammine sulphite, Pt(NII 3 ) 3 S0 3 . is formed as a 
sparingly soluble, white, microcrystalline powder. It seems to be 
identical with the substance which was described by Birnbaum 
(Annalen, 1869, 76 , 142) as platotetrammine sulphite. When its 
hydrochloric acid solution is oxidised with chromic acid, the 
diammine, Pt(NH 3 ) 2 Cl* is formed. Solubility determinations 
showed that only the frans-isomeride was formed. This conclusion 
was confirmed by the preparation of the oxalate, which is quite 
distinct from that given by the m-compound. E. H. R. 

Platinitetrammine Disulphite. D. Strom holm ( Zcitsck 
anorg. Chem., 1919, 108 , 184 — 190). — To determine definitely 
whether the compound prepared by Cleve by the action of 
sulphurous acid on Gross nitrate, PtCl.,(NH 3 ) 4 (N0 3 ) 2 , Contains 
hi- or quadri-valent platinum, a study of its formation, reduction, 
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an d oxidation has been made, with the result that the compound 
| ias been proved to have the composition Pt(NH. t ) 4 (80 3 ) 2) 2H 2 0. 
The yield of the disulphite obtained from the nitrate is only about 
of the theoretical, and a certain amount of sulphuric acid is 
formed during the reaction, but not so much as would be required 
to be formed if the platinum were reduced from the quadrivalent 
to the bivalent condition. When the compound is oxidised by 
means of chromic acid, the oxygen used is all accounted for by the 
oxidation of the sulphurous acid to sulphuric acid, that is to say, 
there is no oxidation of the platinum. The product of the chromic 
acid oxidation is a chromi-chromate of the formula 
[(0H) 2 S0,Pt,(NH 3 ) B ]‘'Crj0 7 ,Cr0 4 . 

By prolonged heating with dilute sulphuric acid, this compound is 
transformed into the salt, [(0H)(S0 4 )Pt(NH 3 ) 4 ]Cr 3 0 7 , previously 
prepared by Cleve. The same two chromates were prepared from 
Hajevski’s nitrate, [(0H)ClPt(NH 3 ) 4 ](K0 3 ) 2 . . 

When the platinitetrammine disulphite is boiled with water or 
heated with acids, platinotetrammiue sulphate is formed, the quadri- 
valent platinum being reduced by half the sulphurous acid, which 
becomes oxidised to sulphuric acid, whilst the other half of the 
sulphurous acid escapes. The same reaction takes place incom- 
pletely when the salt itself is heated. E. H, R. 


Mineralogical Chemistry. 


The Genesis oi Petroleum as Revealed by its Nitrogen 
Constituents. Charies F. JIabery ( J . Amr. Chciii. Hoc., 1919, 
41, 1690 — 1697). — It has already been shown that the heavier 
varieties of petroleum in the California, Texas, Ohio, Canada, 
Russian, and similar iields are complex mixtures of the denser 
hydrocarbons with oxygen, sulphur, and nitrogen derivatives. 
They all differ widely in composition from the lighter varieties in 
the eastern territory. An examination of twenty-one specimens of 
the latter, however, discloses in every case the presence of nitrogen 
in amount varying from 0 01 to 0 48%. so that the conclusion is 
justified that nitrogen is contained in the petroleum of all the 
principal oil fields in forms of combination which could have had 
their origin only in the remains of vegetable or animal bodies. 
Presumptive evidence has been shown that the associated hydro- 
carbons in petroleum had the same origin. 

Nitrogen is estimated by Kjeldahl's method on the one hand 
and by a process which is a combination of the Dumas procedure 
for nitrogen and the oxygen combustion for carbon on the other. 
For details of the latter and of the special precautions required in 
the estimation of such minute proportions of nitrogen in oils, the 

2**— 2 
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original paper must be consulted. The results obtained by the 
two methods show very fair agreement. H- W. 

Probable Identity of Peganite with Variscite. Lorenzo 
Mohchetti (.1 tli-R. Avwd. S lei. Torino , 1917 — 1918, 53, 652 — 6o(i). 
— The author has analysed and examined physically Breithaupt's 
peganite ( J . ('hem . Plipdl', 18.30, 60, 308), his results indicating 
the identity of this mineral with variscite. The composition given 
by Hermann (J. pr. Client., 1814. 33, 287) for peganite is 
erroneous. T. H. P. 

Identity of Spangite with Phillipsite. F. Zambonini (Atti 
R. Aeead. Sci. Torino, 1917 1918, 53, 47 54). The spangite 
described by Mantovani (private communication, 1872) is found to 
be devoid of magnesium, and its crystallographic characters show 
that it. is identical with the phillipsite of the leucitit.es found in 
the neighbourhood of Rome. T. H. P. 

The Minerals of the Valley of Gava in the Voltri Group ; 
a New Variety of Talc. Emilio Eepossi [Atti Soc. Hal Sci. Natl 
1918, 57, 131 -155). The geology of the region is outlined and a. 
number of minerals described. Crystallography or other features 
are given of garnet, vesuvianite, diopsidc, hornblende, chlorite, 
titanite, apatite, pvrite, magnetite, ilmenite, and calcite. Many of 
these are coated with a mineral, which seems to be a new variety 
of talc, and is named r/arite , after the locality. Its properties are : 
colour, milk-white, yellow, or green, sometimes the colour of nickel 
salts; lustre in mass, velvety, on surfaces of individual blades, 
pearly; structure, thin crusts with mammillary surface, made up 
of bunches of Hakes. .Microscopic study shows aggregate polarisa- 
tion, with the optical properties: elongation, -f ; extinction, 
parallel; interference colours, brilliant: //• 1*541 and 1*582 by 
immersion method, about, double refraction thus 0-038; in all these 
properties it is similar to talc. It is infusible before the blowpipe, 
responds to tests for magnesium and silica, and is somewhat readily 


soluble in 

hydrochloric acid. 

Analysis gave: 




IU) HO 


SiO,. 

MjrO. F. \,0,. 

a» 1 10 . aliow ] UP 

Total 

59-20 

28-57 

1-15 tiOl 

99-00 


The water is expelled in two definite stages, in the amounts stated 
Disregarding the water below 110°, the revised percentages corre- 
spond with the formula H 4 (Mg.Fe) ( Si-O i; . Gavite differs from 
talc in the high content of water and in its solubility in acid. 

Chemical Abstracts. 

The Oxidation of Lava by Steam. J. B. Ferguson (L 
Wash in (/ton A end. Sri., 1919. 9. 539 540). Tt is generally sup- 
posed that we ter vapour in volcanic gases would have an oxidising 
action on anv ferrous iron present in the lava. Fresh Kilauean 
lava has been shown to contain 9’28‘o ferrous oxide and l*92 c f, feini 
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oxide, and this fact might he used as an argument against the. 
presence of a preponderance of water vapour in the gases. Verv 
little is known, however, of the action of steam on silicate minerals 
containing ferrous iron, and a number of experiments are here 
recorded in which ground Kilauean lava was exposed to the action 
of water vapour in an atmosphere of nitrogen at 1000°. As a 
result of the heating, there was found a slight decrease in the 
ferrous iron content of the rock, but this occurred both in presence 
and absence of steam, which behaved as an inert gas. The experi- 
ments leave no doubt that a considerable amount of ferrous iron, 
when in silicate combinations, can exist in the presence of water 
vapour at high temperatures. When a sample of the lava was 
heated strongly in air for two hours, the ferrous iron content fell 
to 1*94%, but on again heating in a partial vacuum foe' four hours 
at 1100°, it rose again to 3'9%. The bearing of these experiments 
on the interpretation of results obtained by pumping gases from 
rocks at high temperatures is emphasised. E. H. R. 

Cumberland Falls Meteorite. Arthur M. Miller (Science* 
1919, 49. .141- --542).- -This meteorite was seen at midday on April 
9th. 1919, passing over north-eastern Tennessee in a course 
X. 30 W., its progress being noted ami in some instances timed by 
telegraph and telephone operators. Tt reached the earth in south- 
eastern Kentucky, striking with earthquake violence. At the time 
of writing, seven pieces, ranging from 360 to 2378 grams, have been 
found, and their covering of glaze indicates that the splitting, off 
from the main mass occurred at a considerable distance from the 
ground. Fif tv-two pieces, weighing from loss than 30 grams up to 
1800 grams, have been found that are parts of a mass weighing 
originally about 14 kilos. A chemical examination by Alfred 
Peter shows the mineral to be main!'* enstaiite. through which is 
disseminated particle* of nickel-iron and iron sulphides. D 318. 

Chemical Abstracts. 


Analytical Chemistry. 


The Process of Preparation of Charcoal Sticks for 
Reduction Nestor f 1 . Aluxavorksct (Bull. Sou. chim. Romania. 
1919, 1, 11 12). The fo! loving process for the preparation of 
charcoal sticks for tin* reduction lest in qualitative analysis is 
advocated. Thin wood chips, such as are used in match making, 
are boiled for two minutes in a 2‘5 • solution of ammonium phos- 
phate, and then dried ;ii a temperature not exceeding 60°. When 
it is required to < arrv out the it si half the stick i* burnt, an l then 
iho lest is carried mil in the usual manner on the sir stain e 
previously mixed with sodium carbonate, \Y. 0. 
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Titrations with Surface-active Substances as Indicators. 
Estimations of Acidity with the Homologues of the Fatty 
Acids Series. Wilhelm Wikdisch and Walther Dietrich 
(Jltochcm. Zcilsch 1919, 97 . 135 — 156). — Adopting Traube and 
Somogyi’s method (A., 1915, ii, 101) of estimating the reaction by 
means of the alteration in the surface tension brought about bv 
the displacement of the acid or the base of the indicator by the 
acid or base of the medium, the authors tried the homologues of 
the salts of the fatty acids series up to undecylic acid as indicators. 
The acids with C 9 C n have been found to be as sensitive as litmus 
and neutral-red. Free acids can be estimated in the presence of a 
primary phosohate by using the above acids as indicators. 

s. s. z. 

A Considerable Source of Error in Titrations in the 
Presence of Phenolphthalein. Haeussf.rmann ( Siiddentech , 
A pot-h. Ze.il., 1919. 59 . 3G1 — 362; from Chem. Zentr., 1919, iv, 
396). — The author directs attention to the errors, caused by the 
presence of free carbon dioxide in distilled water, which occur in 
titrations in which phenolphthalein is used as indicator. H. W. 

Preparation of Phenolphthalein Solution and Paper 
without the Use of Alcohol. H. Claassen {Zentr. Zuckerind., 
26 . 209; Arch. Svikerind., 1919, 26 , 15S8 — 1590). — When alcohol 
is unavailable, an indicator solution may he prepared by dissolving 
1 gram of phenolphthalein in 12-5 c.c. of .Y-sodium hydroxide, and 
diluting to 500 c.c. with water. The alkali content, of the solution 
is so small that it can be disregarded in factory work. Where 
greater accuracy is required, the result can be corrected for the 
alkalinity of the indicator. Test, paper can be. prepared by 
immersing paper first in a solution made by diluting 200 c.c. of 
the above indicator solution to 1 litre, drying, immersing it in a 
solution of sulphuric acid of the proper strength to give the desired 
acidity, and drying again. The results obtained with the paper 
should be verified from time to time by direct titration. 

Citemical Abstracts. 

Estimation of Bromine in Mineral Waters and Brines. 

W. F. Baugitmax and W. W. Skinner (J. Inti. Enq. Chem., 1919, 
11 , 954 — 9o9). —Chromic acid liberates bromine from bromide? 
quantitatively at the ordinary temperature, and the bromine may 
be removed by aspiration. Chlorides under the same conditions 
yield only a trace of chlorine, which probably forms chromyl 
chloride and remains in solution. When a mixture of chlorides 
and bromides is treated with the reagent, some chlorohromicle is 
formed, and is removed, together with the bromine, on aspiration. 
In the method of analysis described, the residue from the mineral 
water is oxidised with chromic acid, with the addition of hydrogen 
peroxiae. and the liberated halogens absorbed in a solution ot 
sodium sulphite and carbonate. This is evaporated, and the residue 
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a ;fain oxidised with chromic acid, and a current of air aspirated 
through the apparatus, the absorption vessels of which contain 
potassium iodide solution. In this second aspiration the quantity 
of chlorine present is so small that only pure bromine is evolved, 
al id its amount is found by titration of the liberated iodine. [See 
a ]so Hoc. Chau. Inti, 1920, 19*.] C. A. M. 

Test Paper ior the Detection of Iodine. Anonymous 
[./. {'harm. Bely., 1919; from Ann. Chim. anal., 1919, [ii], I, 357). 

One gram of starch is mixed with 10 c.c. of water, 40 c.c. of 
boiling water are added, the mixture is boiled for two minutes, 
and 0'5 gram of sodium nitrite is then added. The paste obtained 
is painted on strips of paper by means of a brush, and the strips 
are dried. To make the test, a few drops of the solution under 
examination arc poured on the paper, followed by one drop of 
dilute sulphuric acid. A blue coloration is obtained if the solution 
contains iodide. The test paper keeps well. W. P. S. 

The Spectrocomparator, an Apparatus for the Esti 
mation of the Percentage Saturation of Blood with Oxygen 
or Carbon Monoxide. August Krogh (J. Physiol, 1919, 52, 
281—287 ; from Chtm. Zenlr., 1919. iv, 210 — 211). — A modification 
of Partridge's method (A., 1912. ii, 488) is proposed which gives 
satisfactory results and only requires small amounts of blood. The 
apparatus is fully described and figured in the original, which must 
be consulted for details. H. IV. 

Method for bringing Elementary Sulphur into Solution 
for Analysis. A. P. Bjkrregaard (X Inti Eng. Chtm, 1919, 
11, 1055). — The finely divided sulphur is dissolved in a small 
quantity of dry bromine, nitric arid is added, and the mixture 
heated. The oxidation requires a few minutes only; after the 
excess of bromine has been expelled, the mixture is dilute*! with 
water, boiled with the addition of hydrochloric acid to expel nitric 
arid, and the sulphuric acid is then precipitated in the usual way 
as barium sulphate. . P. S. 

Non protein Sulphur of the Blood. M. K ahn (Proa. Hoc. 
Brf. Biol. .Mot/.. 1919, 16. 139 ; from Phyuol I Mr., 1919 . 4 . 374). 
—A method of fractionating and estimating the non-protein 
sulphur of the blood is described. J. C. T). 

The Titration ol Sodium Thiosulphate Solutions. T. M. 

Koithoff (Phttrm. Weehhhn), 1919. 56, 641—657). — The prepara- 
tion, testing, and application of various substances for the standard- 
isation of thiosulphate solutions are described in detail, and their 
relative merits for the purpose discussed. The purest forms of 
potassium dichromate obtainable commercially contain free chromic 
arid or potassium chromate. A method for tile detection and esti- 
mation of these is given which depends on the location of a discon- 
tinuity in the conductivity curve on the addition of alkali or acid. 
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If chromic acid is present the addition of standard alkali causes no 
increase in the conductivity of a dichromate solution until the free 
acid is neutralised. Similarly, no increase in conductivity is 
observed on the addition of acid to a solution containing chromate 
until all the latter has been converted into dichromate. For analy- 
tical purposes it is recommended to melt the pure dichromate in an 
electric furnace before use. The other substances examined are 
iodine, oxalic acid, cyanogen iodide, potassium iodate, and potassium 
broraate. All these are easily purified, and give results in the titra- 
tion of thiosulphate with an error of less than 0T%. The greatest 
error, 0'07%, was observed in titrating with dichromate. 

W. S. M, 

Influence of the Position of Substituents on the Behaviour 
of Aromatic Nitro compounds in the Kjeldahl Estimation 
of Nitrogen. B. M. Margoscfies and Erwin Vogel (7?er., 191!). 
52, [ZJ], 1992 — 1998). — The behaviour of the isomeric nitrophcnok 
nitrobenzoic acids, and nitrobenzaldehvdes when treated with sul- 
phuric acid and potassium sulphate has been investigated ; it is 
found that the nitrogen content of the ortho-derivatives can be cor 
rectly estimated in this manner, but that the results for the meta- 
and para- derivatives are much too low. The favourable action of the 
hydroxy- or alkyloxy-gvoup in the ortho position to the nitro-group 
is fuither shown by the fact that the process gives exact results 
with 2-nitroresorciuol, 3-nit ro-//-cresol. and o-nitrophenetole, but low- 
results with p-nitrophenetole. A further series of experiments shows 
that the presence of o-nitrophenol or of o-nitrobenzoic acid has a 
favourable influence on the behaviour of the corresponding meta- 
and para-derivatives, and that this action cannot be ascribed solely 
to their content of phenol or benzoic acid. The possibility that 
condensation products of the o-nitro-compounds may be the active 
agent# has led to an investigation of the behaviour of phthalic acid, 
phthalic anhydride, and phenoiphthalein under like conditions, but 
the expected favourable action was not observed. The use of sali- 
cylic acid appears particularly advantageous in the case of meta- 
compound s- Tt is somewhat remarkable that the three isomeric 
nitrocinnamic acids yield accurate results. 

A further series of determinations is recorded with 2:4 -dinit.ro- 
phenol, 2 :4-dinitro-o-naphthol, 2 : 4-dinitrobenzoic acid, 2:4-dinitro 
toluene, 3 :5 dinitrobenzoic acid, 2 : 6-dinitrotoluene, and 2:4:G-tri- 
nitrophenol; the results are considerably too low in every case, 
although concordant, among themselves. The facts, however, that 
the 2 :4-dinitro-compouuds give higher values than the correspond- 
ing 3:5 - or 2 :6-dinitro-derivatives, and that 2 : 4-dinit rophenol gives 
results almost identical with those obtained with 2 : 4-dinit rotoluene, 
are in accordance with the observations made with the moiiouitro 
compounds. H. W. 

Grete’s Volumetric Method (for Estimating Phosphoric 
Acid). R. TV. Tuinzkng {Lmiihr. t>r.s uchs.-stat., 1919, 94, 
191 — 195. Compare A., 191G, ii. 490). — This method was lound 
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to be trustworthy. Directions are given for the preparation of the 
aniBioaiutii molybdate-gelatin solution used, and for the recovery 
of ammonium molybdate from the residual solutions. W. P. S. 

Behaviour of certain Organic Arsenic Compounds in 
Marsh's Test. Domenico Ganassini (Boll. Chim. Farm., 1919, 

58 385 — 390). The addition of platinum chloride to promote the 
evolution of hydrogen is inadvisable, even in the case of mineral 
arsenic, since it may fix part of the arsenic as platinum arsenide. 

Tn the ease of eacodylic acid, platinum chloride in large excess com- 
bines to form a double compound, cacodylplatinochloride, which 
may remain undecoinposed. An analogous compound is formed 
between platinum chloride and mcthylarsinic acid. Cacodyl ic acid, 
in Marsh’s test, produces an orange-yellow deposit in addition to 
the ordinary black deposit. This probably consists of erythrarsiue. 

Bv heating the hydrogen flask to about 335° in a hath of melted 
lead only the orange-yellow deposit is obtained. Methylarsinic acid 
and neosaivarsan under the same conditions also yield yellow 
deposits, but these may be distinguished from the eacodylic acid 
deposit by the fact that during the formation of the former the gas 
does not form dense, white fumes. The gas from the methylarsinie 
acid test gives a yellow precipitate with Bettendorf’s reagent (stan- 
nous chloride solution saturated with hydrogen chloride), whilst the 
lemon-yellow ring from neosaivarsan is only formed at a high tern- 
pci at ure, does not change to black, and is readily soluble in 
ammonia solution. Aloxyl and salvarsan yield only the ordinary 
black rings in the test. [See also ./. Snr. i'hvm. hit/.. 1920. 42a.] 

C. A. M. 

Separations in the Arsenic Group. Wilhelm Stkeckkr 

and Adolf Ri edema xx (her., 1919, 52. \Ji\. 1935 1947). — The 
authors recommend the following modification of the distillation 
method for the estimation of arsenic. The arsenic solution is placed 
in a flask provided with a dropping funnel and connected through 
an efficient worm condenser with a vessel containing water; the 
flask is half filled with concentrated hydrochloric acid, potassium 
bromide (1'5 grams), and a few pieces of porous earthenware are 
added. The contents of the flask are heated to gentle boiling, and 
thienyl chloride (10 c.c.) is gradually run in at such a rate that 
the time of addition is half an hour. The distillate is diluted with 
water to 700 800 <*.(*.. boiled under reflux in a brisk current of 
carbon dioxide until sulphur dioxide is completely expelled, and 
the sulphur has collected (this should he the case in half an hour 
at the most), and filtered. Arsenic is estimated in the filtrate as 
thf* trisulphide. Phosphorus trichloride (25 c.c.) may replace the 
thiouvl chloride, in which case the subsequent boiling of the distil- 
late is unnecessary; on the other hand, the presence of phosphorous 
acid in the residue often causes complications in subsequent estima- 
tions. The method gives accurate results, and can lie applied to 
the separation of arsenic from antimony, tin, copper, lead, mercury, 
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and iron, and for the estimation of arsenic and iron in arsenide 0 f 
iron. 

The separation of antimony from tin can be effected by taking 
advantage of the fact that antimony chloride is volatile at 

155 165 ° from solutions in which the tin can be rendered non- 

volatile by the presence of phosphoric acid ; the tin can be volati- 
lised subsequently at a somewhat higher temperature by taking 
advantage of the fact that the addition of hydrobromic acid destroys 
the restraining action of the phosphoric acid. The authors have 
attempted to shorten the time required for this separation by utilis- 
ing the catalysing action of hydrobromic acid from the commence- 
ment, but the results are unsatisfactory, since till distils over with 
the antimony, the catalysing influence of hydrogen bromide out- 
balancing the restraining effect of phosphoric acid. On the other 
hand, the use of hydrobromic acid is very advantageous in the 
separation of antimony or tin alone from other elements, and does 
not require the absence of nitric acid. Thus, in the separation of 
antimonv and copper, the hydrochloric acid solution of the metals 
is added" to concentrated sulphuric acid ( 6 c.c.) and phosphoric acid 
(L) 178, 7 c.c.) contained in a distillation flask connected with a 
receiver containing hydrochloric acid. The contents of the flask 
are heated at 160°' and a mixture of concentrated hydrochloric acid 
(10 volumes) and hydrobromic acid (D 178, 1 volume) is added at 
such a rate that the temperature remains constant. The antimony 
is completely removed in thirty minutes. The separation of 
antimony from lead is accomplished similarly. 

Tin is quantitatively separated from copper and lead in an analo- 
gous manner ; the solution of the metals in concentrated hydro- 
chloric acid is treated with sulphuric acid (lit c.c.) and distilled at 
160° with the regulated addition of the hydrochloric-hydrobromic 
acid mixture (20 c.c.). The process is complete in half an hour; the 
tin is precipitated from the distillate as the sulphide and weighed 
as the oxide. The method can be applied to the estimation of tin 
in brass. 

The separation of antimony and tin from mercury cannot be 
effected in this manner, since the latter is also partly volatilised. 

A novel type of filter tube is described which is constructed by 
drawing out the end of a piece- of wide glass tubing so as to foi m 
a stem ; a filter disc covered with asbestos rests on the shoulder of 
the wider tube, which is further provided with a ground-in cap in 
which a capillary opening is made. H. \\ . 


Early Developments in Organic Macro and Micro-analysis 

J. V. Debskv (("him. W'ctkhhtd, 1919. 16 , 1482 — 1493). The 
author gives a retrospect, of the work of various experimenters in 
connexion with the analysis of organic substances, and indicates the 
lines along which research progressed. W. -1. H- 

Gas Analytical Combustion with Copper Oxide K On 

(./. Gwbrlevrhf ., 1919 . 62 , 89- 90; from ahem. Zeiilr.. 1919 . 
jv, 171 — 172).- -Uncertainties ill fractional combustion with copper 
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oxide arise in consequence of the dissociation, CuO=Cu + 0 which 
ca,, be eliminated by subsequent, repeated passage of the nitrogen 
over the material in the quartz tube, which is maintained at a low 
red heat. Preparation of chemically pure nitrogen by means of 
phosphorus and heated copper oxide is liable to error, and recourse 
should be had to the pyrogallol method. Copper oxide does not 
appear to be suitable for gas analyses in which the carbon dioxide 
formed by combustion is measured. jp \y 

Estimation of Carbon Monoxide in Blood. D. D. Van 

Sure and H. A. Salvesen (Proc. Soc. Exp. Biol. Med 1919 16 
140; from Physiol. Ahstr., 1919, 4, 374).— The blood is treated as 
in the estimation of oxygen by Van Slyke’s method. A mixture of 
carbon monoxide and oxygen with a slight amount of nitrogen is 
obtained. The oxygen is absorbed by alkaline pyrogallol solution 
The residual gas, after a correction has been made for nitrogen is 
carbon monoxide. t r? W 


A Micro-method for the Estimation of Calcium in Blood 
serum, and other Organic Substances. !>. J. DE Waard 
( Biochem . Zeitsch., 1919, 97, 176 — 186).— The substances are eva- 
porated and incinerated, and the salts of the ash extracted with 
dilute hydrochloric acid. The calcium is precipitated from the solu- 
tion as the oxalate, which is centrifuged, washed, dissolved in dilute 
acid, and titrated with potassium permanganate. 01 Mg. of calcium 
can be estimated by this method with an error of 4“o. S S Z 


A Direct Microestimation of Calcium in the Serum. 

D. J. de V aard (Btochem. Zeitsch.. 1919 , 97 186—189) —All the 
calcium can be precipitated directly from the serum by means of 
ammonium oxalate and be estimated by the method described in the 
preceding abstract. Ihe difference between an estimation carried 
rat on the incinerated serum and on the original serum was only 
J001 mg. of calcium per c.c. S S Z * 


Sulphide as an Indicator in Acidimetrv and a 
Sew Volumetric Method for the Estimation of Zinc. 

■ Houben (Her 1919, 52, [B], 161 3— 1621).— Since the produc- 
es 1ST? s ! ! F, de ,s p Tl! ted by thc traces acids, 

P°i’“ lb!e t° titrate an acid by adding a crystal of pure ferrous 

rr™ sulphate - i ^L ge.. .LhifcH 

ongh 0 saturate the solution), and running in alkali' until the 
colour of ferrous sulphide ,s permanent Experiment with 
drochlonc and sulphuric acids on the one hand and alkMihydr 

s quhe t d a efin 0 r teS °t ^ ?" the ° ther sbo "' that «“ -iidqioint 
ihthaLr Tb I- the ° f me %l-orange or phcnol- 

“lpK« «,.,>! with i mt!,S ' | m :V e,,d IS fouml "-bon titrating 
,v n , • h borax - bnl here the difficulty may be overcome 

KeS an, i um,I 1 ,he & < b 4i-: 
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In till. case of zinc salts, hydrogen sulphide completely precipitates 
zinc as sulphide from the sulphate if the solution is less than 
0'2.V, and from the chloride if the concentration is below 0'067.V. 
A titration of the free acid produced would therefore be a means 
of estimating zinc in it.s neutral salts, and here the above use of a 
ferrous salt proves its worth. The solution is saturated with hydro 
gen sulphide, some ferrous ammonium sulphate is added, and alkali 
is run in, preferably borax solution, until the white turbidity 
becomes brown. A back titration '' with an acid is not possible in 
this case, however, without first filtering the zinc sulphide, as a 
double zinc-ferrous sulphide is formed which is not quickly broken 
up. Of course, cobalt and nickel salts must be absent. 

Examples of the application of the method to metallic zinc, ziue 
salts, zinc ash. and blende show that the results approach those 
obtained by gravimetric analysis very closely, in fact much more 
so than those given by any other volumetric method. Blende is 
examined as follows. About 5 grams of the mineral are digested 
with 40 c.c. of concentrated hydrochloric acid and 40 c.c. of water, 
the solution filtered and saturated with hydrogen sulphide, filtered 
again, and diluted to 1000 c.c. with dilute hydrochloric acid. Por- 
tions of 50 c.c. are now neutralised with sodium Carbonate, using 
methyl-orange, treated with hydrogen sulphide for half an hour, 
mixed with ferrous ammonium sulphate, and titrated with borax or 
sodium carbonate. 

The alkalimetrio titration of ferric salts may be carried out by 
employing the same principles. J. C. W. 

Electrometric Analysis with Potassium Ferrocyanide. 

Erich Muli.er (Zeit^h. nnriar. Clum.. 1010, 32, 351 — 352).-- - 
Electrometric titration of lead and zinc salts with potassium ferro- 
cyanide solution is trustworthy, hut the method fails in the case 
of other metals owing to the fact that the precipitates produced do 
not have definite compositions. W. P. S, 

Colorimetric Estimation of Lead Dioxide in Litharge 

Waller V. Morgan (./. Inti. Kin/. ('linn ., 1919. 11 , 1055). The 
method depends on the fact that lead dioxide oxidises aniline to 
aniline-purple, and that, the coloration obtained is proportional to 
the amount of the dioxide present. Five grams of the litharge con- 
taining lead dioxide are boiled for one minute with 2 grams of 
aniline hydrochloride dissolved in 10 c.c. of water and a c.c. of 
concentrated hydrochloric acid ; the mixture is then filtered and (lie 
coloration exhibited by the filtrate compared with those given under 
the same conditions by litharge containing known amounts of lead 
peroxide. W. P S 

Complex Internal Salts in Quantitative Analysis. I. 

I. Belmtci and A. Chicitni ( <!uz::rttn , 1019, 49, ii. 137 -216). - 
The authors summarise and criticise published work on the applied 
lions of a-iii:roso-|3-naplilhol ami " cnpfeirmi to the separatum 
and estimation of metals. 
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Fur the separation of copper, neither of these reagents offers 
appreciable advantages over ordinary analytical methods, except 
perhaps for the separation of copper from arsenic and. more parti- 
cularly, from antimony. For the separation of iron, cupfcrron is 
to be preferred to a-nitroso-0 naphthol, chiefly because the ferric 
precipitate obtained with the former withstands a greater degree of 
free mineral acidity, and is therefore more easily freed from 
extraneous metals, and also because the precipitate is less volumiu- 
mis a-Nitroso-0-iiaphthol serves principally as a reagent for cobalt 
and also as a reagent, for palladium, whilst cupferron acts as a 
reagent for titanium, zirconium, and vanadium, as well as for iron. 
The two compounds assume, indeed, the character of general 
reagents tor groups of elements which contain, however elements 
quite different from those usually classed together T H P 


Detection of Cerium. F«. Few,. Mslcrr. Chew Zeit fii P9 
124--126; 1919, iv, 592,.- -t.ecoq s fiction i^ 

much more distinctly obtained alter the addition of a small ouan 
tity of an aluminium salt, but is not applicable in the presence of 
non. A vivid blue coloration is obtained when cerium dioxide is 
moistened with a solution of benzidine in acelic acid; other cerous 
and cenc compounds with the exception of cerous fluoride, cerous 
carbonate, and double sulphates of cerium, behave similarly The 
reaction is most sensitive when the solution under investigation is 
made just allcahne with sodium or potassium hydroxide, heated to 
boiling, filtered, and the filter paper treated with a drop of benzidine 
solution ; 0;02 mg. of cerium per litre can be thus detected. The 
other metals which belong to the ammonium sulphide croup of the 
rare earths, with the exception of thallium, do not show the reac- 

Ttt T ?i! n bS< “ llCe °! °!’ lei oxldisin S Wots and of manganese, 
cobalt thallium, and chromate ls essential, since the reaction 
depends on oxidation. Faintly acid solutions of iron also give the 
reaction; after previous addition of sodium or potassium hydroxide 
a coloration is not observed. In the presence of iron, it is 'advisable 
to precipitate cerium as the fluoride and to convert the latter bv 
alkali hydroxide into the hydroxide, since precipitated ferric hydr- 
oxide carries down notable amounts of cerium, which are thus 

removed troin the sphere of action. HW 

l«fjBm na, | S * 8 ’ R .' iCvrKtt Vmiichs.-stat., 1919, 94, 

■ 9 V l ' or the esttinatK.il of iron, aluminium, calcium, mag- 
that m P aSSn "J 1 re 1 " d > ,hos l )horic ad ‘> 111 a soil, it is recommended 
livdiochtori f T, P e i>e mixe(l " ith 900 c c - of concentrated 
the solid, • 1C aC t'i d a ", d shaken occas101 'ally during forty-eight hours: 
evare a T fAtmi - a ” d 900 «■ of the filtrate are 

obtained ad 1 duion . of ammonium chloride. The residue 

, J0rat i ... reat «ci witti nitric and hydrochloric acids, again eva- 
c'llcrie ’ ; h , 13 operatlo, .> Is repeated, and the final solution in hydro 
of i|, p ls US!>t !’ altp| ‘ separation of Hie silica, for the estimation 


W. P. s. 
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Application of Hasinatoxylin to the Detection of j ron 
in Tissues. ,1. Maivas (Compt. rend. Soc. Biol., 191!), 82 , 
155—158; from Vhem. Zaitr., 1919, iv, 245).— -The author considers 
that the reaction of hasinatoxylin with ferrous ions is to be ascribed 
to salt formation, and not, as Macallum assumed, to oxidation. The 
latter’s statement that the reaction only occurs with inorganic iron 
is incorrect, since iron compounds of the albumins, which are not 
acted on by hydrogen sulphide or ammonium sulphide, but are 
affected by potassium ferro- or ferri-cyanide, also show this change. 
The formation of Prussian-blue is a more delicate test for the pres 
ence of iron in tissues; nevertheless, the author has obtained useful 
results with hsematoxylin , particularly in certain cases of disease of 
the eye. The affinity of the luematoxylin for the chromatin of the 
nucleus, whereby a similar coloration is developed, is disadvan- 
tageous. H. IV. 

Brazilin and its Iron Lakes. .1. Mawas (Compl. rend. Hoc. 
Biol., 1919, 82, 158 159; from Chew. Zentr., 1919, iv, 245).— 
Brazilin is a more sensitive and more rapid reagent than hemat- 
oxylin (preceding abstract) ; its aqueous solution, pale red with an 
orange fluorescence, gives dark brown, insoluble lakes with ferrous 
salts. In aqueous or alcoholic solution, it colours tissue containing 
iron dark brown within a few minutes, whilst the nucleus becomes 
reddish-violet. Differentiation which may be necessary owing to 
over-colouring is effected with alcohol and chloroform, or, prefer- 
ably, with alcohol containing 1' 0 of hydrogen chloride. The nucleus 
becomes practically decolorised, whilst the iron pigment is un- 
affected; the former again becomes reddish-violet when washed with 
dilute aqueous alkali. H. W. 

Iodometric Estimation of Iron. I. M. Koltiioff (Pham. 
Weckblad, 1919, 56, 1565 — 1568).— The estimation of ferrous iron 
by means of iodiue with addition of a pyrophosphate gives results 
which are about 3% too low owing to oxidation of the iodine by 
dissolved oxygen in the solutions. If sulphuric acid and sodium 
hydrogen carbonate are added to eliminate the oxygen, the error is 
reduced to 0’8 — 1%. A more suitable method which gives accurate 
results is the following: 25 c.c. of O l.Y-potassium bromate and 
10 c.c. of 25% phosphoric acid are added to 10 c.c. of O'lA-ferrous 
solution to which a few drops of acid have been added. After 
remaining for five minutes in a stoppered flask, 5 c.c. of potassium 
iodide and 2 drops of molybdate solution are added, the iodine 
being titrated after five minutes with thiosulphate. 

The purpose of the phosphoric acid is to combine with the ferric 
ions and prevent them interacting with the potassium iodide, and 
the molybdate is added to accelerate the reaction of the bromate and 
iodide. W. J. W. 

Volumetric Estimation of Iron. J. Houben (Tier., 1919. 
52, [71], 2072- — 2076. Compare this vol., ii, 53). — The process 
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limits the estimation of ferrous and ferric iron and free mineral 
acid i« a solution. 

A portion of the solution is completely reduced by hydrogen sul- 
nliicle and titrated with A-potassium or sodium hydroxide solution 
until the dark coloration due to the incipient precipitation of 
ferrous sulphide is observed, which does not disappear after vigor- 
ous shaking; the free acid plus one- third of the acid originally com- 
bined with the ferric salt is thereby estimated. A second portion 
of the solution is reduced with sulphur dioxide (air being completely 
excluded), most of the excess of the latter is removed by boiling, 
and the cooled solution is titrated with A-alkali as before, after 
being treated with hydrogen sulphide, which completes the removal 
of sulphur dioxide. The free acid plus two-thirds of ihe acid origin- 
ally united to the ferric iron is thus estimated. The difference 
between the two titrations multiplied by three gives the number of 
c.c. of JV’-ferric chloride solution originally present. If this number 
is subtracted from the smaller of the two burette readings, the dif- 
ference is the number of c.c. of A-acid which were uneombined in 
the solution The ferrous salt is estimated in the usual manner. 
Test analyses show the method to have a high degree of accuracy. 

IT. W. 

Separation of Iron, Aluminium, Chromium, Glucinum, 
Titanium , and Zirconium by the Sodium Carbonate Method. 

P. Wengfr and j. Wihrmann (Ann. C him . anal., 1919, [ii], 1. 
337 — 339). — A method described previously by Wenger and Wunder 
(A., 1912, ii, 687) may be applied when the mixture contains 
titanium or zirconium, but not both. After fusion with sodium 
carbonate, the insoluble iron and zirconium oxides may be treated 
with hydrochloric acid (1:1), in which the zirconium oxide is 
insoluble. In the absence of zirconium, iron and titanium may be 
separated by one of the known methods, even in the presence of 
glucinum. [See, further. •/. $n<\ ('hem. hul., 1920, 46a.] 

W. P. S. 

A New Method for the Volumetric Estimation of Nickel. 

Josef Holluta (.1 fount zh., 1919, 40, 281 — 291). — The process 
depends on the fact that, when a nickel salt reacts with dimethyl - 
glyoxirae, acid is liberated, which is estimated by titration with 
alkali in the presence of phenolphthalein or methyl-red. 

The standard A / 50-solution is prepared by dissolving 4'6'400 
grams of pure dimelhylglyoxime in the requisite quantity of 97% 
alcohol (300 — 400 c.c.) ; 2*0 c.c. of A-potassium hydroxide solution 
are added with constant shaking, and the solution is diluted to 
1000 c.c. with distilled water free from carbon dioxide and liltered 
after twenty-four hours from any slight precipitate of potassium 
carbonate. (The alcohol used must be free from aldehyde and 
neutral in reaction.) The alkali content, of the solution is checked 
by titration with standard acid, using phenolphthalein or methyl - 
,e d as indicator. The nickel solution under examination is diluted 
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to the required extent, and exactly neutralised with .V/ Hi- or A ’,5(1- 
potassium hydroxide solution. 2 5 C.c. of the standard solution 
are added, and, after vigorous agitation, the solution is gently 
warmed, whereby the precipitate is caused to collect, leaving a clear 
liquor; the standard solution is then gradually added with frequent 
agitation until the solution acquires a permanent, pale pink color 
ation. Ill cousequence of the bulky nature of the nickel precipitate, 
the amount of the metal in the solution should riot exceed 0 0‘1 
gram. 

The method is particularly advantageous in dealing with verv 
small quantities of nickel, and titration can readily be effected with 
A/ 100-solutions if methvl-red is substituted for phenolphthalein as 
indicator. The results are not affected by the presence of the alkali 
salts of strong acids. Further details are promised in a subsequent 
communication. H. W. 

Iodometric Estimation of the Chromic Acid in Lead 
Chromate. Max GrOger (ZeiUch. anorij. Chern ., 1919, 108, 
‘267 — 272). — The iodometric method of estimating chromic acid ha- 
* not hitherto been used for lead chromate on account of the impossi- 
bility of completely decomposing the chromate by means of dilute 
sulphuric acid. Dilute hydrochloric acid dissolves lead chromate 
completely, but hydrochloric acid has a reducing action on chromic 
acid, with liberation of free chlorine, and has therefore not been 
used to dissolve lead chromate. It is now found, however, that if 
the hydrochloric acid is sufficiently dilute, its reducing action H 
negligible. Experiments showed that when acid of 1*25A T strength 
or less was used, in the proportion of 25IIC1 to 1 mol, of chromate, 
no reduction took place after boiling the solution for three hours. 
With stronger hydrochloric acid, the rate of reduction increased 
rapidly with the concentration of the acid. For carrying out an 
analysis, about 0*3 gram of lead chromate is dissolved in 50 c.c. of 
l*25A-hydrochloric acid by gently heating. The solution is cooled. 
1 gram of potassium iodide added, allowed to remain for ten 
minutes, diluted with 100 c.c. of water, and the free iodine titrated 
with sodium thiosulphate. There is no need to filter olT the pre- 
cipitated lead iodide, as the colour of this does not interfere with 
the end-point. After the end of the titration, free iodine again 
appears after a short time. This is due to atmospheric oxidation 
of hydriodic acid, a reaction which appears to be catalysed by the 
lead iodide present. The results obtained by this method are 
generally about. 0’5°6 too high. E. IT. R. 

Detection of Molybdenum by means of Xanthic Acid. 

J. Koppel (('hem. Zeit., 1919, 43. 777 778). Molybdenum com- 
pounds give a characteristic red to plum -coloured reaction with 
xanthic acid, which was first described by Siewert (Zeitsch. (iy- 
Salimr., 1864 , 23 . 5). The test is preferably applied by acidify- 
ing the solution with a mineral acid, after the addition of a trace 
of solid potassium xanthate. and is capable of detecting molybdenum 
in a solution containing 0 00000064 gram per c.c, The reaction is 
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Maker when phosphoric, formic, or acetic acid is used for the 
acidification, and much weaker with salicylic acid, whilst when 
oxalic, citric or tartaric acid is used, there is little, if any color 
aum. Analogous xanth.c compounds are formed by copper, iron 
cobalt nickel etc., but the colorations do not interfere with the’ 
molybdenum test. Vanadic acid forms a yellow compound and 
manic acid a brown compound, which, like the molybdenum com- 
pound, are soluble m ether and other organic solvents. Tuimstio 
and if present in very large preponderance, may interfere with 
the test, the molybdenum compound may be obtained as a black- 
mi bv nuxmg a solution of 2 grams of ammonium paramolybdate 
"'! th . f.™" f l»’ l ^siu,n xanthate. When vigorously stirred, this 
ml solidifies, forming black crystals with green surface reflections 
he mean ; analyses of Siewcrts solid preparation agree with the 
ioi inula MoO^OEt'C'b'b'JI),,. [bee also ./. Sor ('hem 
192H. January.] - ' "‘ A 

Colour Reactions of Molybdenum and Tungsten II 

(I. A. Barbie,,, ( Alt; H Arm,/. 1919, M. 28. " m‘ 39 >' 

Compare A., 1919, i. 549).- -According to Pechard f\ 1R9 j' 
“• m ' re l , ' aee,1, , ellt of t!le hydrochloric or sulphuric acid 'used ill 
Braun s reaction by acetic acid results m the formation of a yellow 
rotation, and, will, concentrated solutions, of a yellow, crystalline 
precipitate, due to conversion oi the molybdate into trimolybdate 
11111 "'‘“’‘I 0 th r ''" th ,h * thiocyanate present to form an additive 
eonpiound for instance. KCXS,K,0.3Jb,O,4 ILO. On repetition 
ot Pechaids leactmn with ammonium thiocyanate ami ammonium 
pennolybdate or tn- or let, -a or normal molybdate, the author 
t’lids that in all cases the mhhhw compound 

XII 4 SCX .( X H ) 0 .4 MoO..,o II .0. 

is formed, and in no case ail additive compound of the trimolybdate 
From potass,,,,,, trimolybdate and thiocyanate in presence of acetic 
arid, the corresponding ™«, /„„„„/. KSCX.K.0.4 MoO,.5H.,0 is 
tormed; both potassium and ammonium compounds form yellow 
acicular crystals. ' ■ 

Ammonium tctramolvl, dale. (XH 4 ).,0.4MoO 2.'. 11,0 mav be 
eta, lied ,v the action of acetic acid o„ ammonium pennolvlidate 
III aqueous solution (compare Junius. A.. 1905, ii, s*Jo ) 

T. 11. P. 

and , Quantitative Tes t for Molybdenum in 

TT (■“”? *r» iL: “ h •” 

lnnb-lirl ' ’ , a1 '- A s l’ e(,, h>’ and very sensitive test for 

' ls s lven ,% A’anthic acid. The test is best carried out 

\bsoh,lp h i y i’ r r >arei 3 i anthate solnti " l > in the following manner 
- h ie alcoholic potash is shaken with excess of carbon disulZ e 

r e i : . tl,e ! a,ter ,r i ,1 ^ k e-i- To the solution 'so 
turbidity ' ,,,1,1 “m", U " 1 ' 1 U » slisht vellow 

I, tested f Tr ' S to the solut'un, to 

ft molybdenum ,s preset, an intense red colour 
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develops, which is quite stable in water, and the intensity of which 
is proportional to the quantity of molybdenum present. The 
sensitiveness of the reaction is such that 0'000005 gram of 
molybdenum in 0'0007% solution can be detected with certainty in 
presence of other elements. The coloured product is readily soluble 
in ethyl or amyl alcohol, ether, or chloroform, less easily in petroleum 
and benzene. Tt is readily extracted from its reddish-violet ethereal 
solution by alkalis, from which acids precipitate it. The ethereal 
solution decomposes on keeping, with formation of molybdenum 
sulphide. The reaction is not given by vanadium, tungsten, 
titanium, or uranium; chromates give a dark coloration with 
xanthic acid, and should be reduced, if present, before the test is 
made. The reaction can be used for the colorimetric estimation of 
molybdenum, the coloured product being extracted with a mixture of 
6B% ether and 35% light petroleum, and a mixture of 30% ether and 
70% light petroleum used for dilution for comparison with the 
standard solution. If pure ether is used, decomposition takes place 
too rapidly for accurate determinations to be made. E. H. R. 

Colorimetric Method for the Estimation of Small 
Quantities of Uranium. Muller ( Chem . Zeit., 1919, 43, 
739 — 740).- The method depends on the red coloration obtained 
when a uranyl salt is treated with sodium salicylate; the color- 
ation yielded by any uranyl salt solution is compared with that 
produced by a known amount of uranium under the same condi- 
tions. Free mineral acid, acetic acid, iron, alcohol, or acetone must 
not be present, but neutral alkali salts do not interfere. The 
method is suitable for the estimation of uranium in solutions con- 
taining as little as 0*02% of the metal. W. P. S. 

Estimation of Zirconium by the Phosphate Method. 

G. E. F. Ixndell and H. B. Knowles (.7. Amer. Chem. Sue., 
1919, 41. 1801—1808). — Zirconium can be quantitatively pre- 
cipitated as secondary zirconium phosphate in cold or tepid solu- 
tions containing from 2% to 20% by weight of sulphuric acid, pro- 
vided that a ten- to one hundred-fold excess of the precipitant, 
diammonium hydrogen phosphate, is used. Hydrolysis, which 
occurs when the phosphate precipitate, is washed with water, can 
be almost entirely avoided by the use of a cold 5% ammonium 
nitrate solution for washing. Zirconium pyrophosphate, for which 
the ZrO., factor is 0 4632, is obtained on ignition of a secondary 
zirconium phosphate which has been washed with ammonium nitrate 
solution. No definite composition can be ascribed to the com- 
pound resulting wheu secondary zirconium phosphate which has 
been washed with water is ignited. Zirconium can be quantita- 
lively separated as phosphate in a 20% sulphuric acid solution iron 1 
iron, aluminium, chromium, cerium, and thorium. I he separation 
fro.n titanium can also be effected provided hydrogen peroxi e lf> 
present. "• ** ^ 
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Gas-analytical Separation oi Acetylene, Ethylene and 

Benzene. W. D. Trbadweil and F. A. Tauber ( Helv . Chim. 
Acta, 1919, 2, 601 — 607). — The quantitative absorption of 
acetylene from mixtures containing it, together with ethylene and 
benzene vapour, is conveniently effected with a solution of mercuric 
cyanide (20 grams) in 2A-sodium hydroxide solution (100 c.c.) ; 
the gas is shaken with the mixture (5 c.c.) for one to two minutes’ 
at the end of which the acetylene is completely absorbed, whilst 
ethylene and benzene vapour are unaffected. 

A solution of mercuric nitrate (20 grams) in 2A'-riitric acid 
(100 c.c.) which has been saturated with sodium nitrate is recom- 
mended for the absorption of ethylene in the presence of benzene 
vapour ; the gas is shaken with 5—10 c.c. of the solution for two 
to three minutes. Propylene appears to behave similarly to 
ethylene, since it is indifferent to alkaline mercuric cyanide solu- 
tion. whilst readily absorbed by mercuric nitrate solution. 

H. W. 

Dehydrogenation of Hydrocarbons by means of 
Palladium-black. Jeno Tausz and Nikolaus von Putnoky 
(Her., 1919, 52, [7?|, 1573 —1583). Zelinski has shown that cyr/o- 
hexanes are converted into benzene hydrocarbons by exposing them 
to the action of palladium black at, 300°. whereas hexane and 
ryrfopentaiies are unchanged (A., 1913, i, 167). This seemed to 
offer a process whereby cyr/ohexanes could be estimated in the 
presence of paraffins, and a method has now been developed which 
gives satisfactory results within certain limits. 

The first difficulty to he overcome was the preparation of a 
sufficiently active catalyst, for Zelinski’s agent is spoilt by mixtures 
of paraffins and cyc/ohexane long before the latter is completely 
dehydrogenated. In the reduction of palladium solutions! it is 
usual to employ formic acid, any excess being destroyed by the 
palladium-black itself. It seemed possible, therefore, that the 
activity of the catalyst would suffer in such a treatment, and as it 
was found that the activity towards formic acid is parallel to the 
activity towards cyclohexane. it was decided to use no more than 
the theoretical quantity of the reducing agent. This has the 
desired effect, the catalyst being much more, active. For example, 
two specimens of 1 gram each, prepared by Zelinski's method, pro- 
i! ’ an ^ cc ' " as f rom formic acid, but ten samples 
made by the new process, which is described in detail, gave on an 
average 458 c.c., one portion developing as much as 840 c.c. 

With such an active catalyst, the quantitative dehydrogenation 
of cyclohexane in various mixtures with hexane may be easily 
Turno ' )Ut t * len ano ^ er disturbing factor appears, namely, that 
at 400° the saturated paraffins themselves are to a certain extent 
converted into unsaturated hydrocarbons by palladium black. The 
miall amount of hydrogen set free l>v the paraffins, however, reaches 
a omstaut volume after an hour or two, and although a little 
ore gas is liberated when the catalyst is renewed, an equilibrium 
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is soon established. A similar equilibrium is reached when the 
olefines are heated wit-h an excess of hydrogen, that is, the 
hydrogenation is never quite complete. The volume of hydrogen 
produced by the paraffins is relatively small compared with the 
yield from the cycfohexaues, so, within certain limits, the propor- 
tion of the latter hydrocarbons in a mixture can be gauged from 
the amount of hydrogen liberated. The limit is generally about 
1 % of cyclic hydrocarbon, but in some experiments it was as l ow 
as For mixtures containing less than this, only the chemical 

proof of the presence of benzene will suffice. The reaction with 
trioxymethylene and sulphuric acid is recommended. 

For quantitative purposes, a special apparatus is described. The 
catalyst (12 grams) is contained in a tube heated in a simple 
electric furnace, and tile vapour is continually circulated. The 
volume of oil employed varies from 10 c.c. for rich mixtures to 
100 c.c. In the experiments described, the following volumes of 
hydrogen were produced by 1 c.c. of hydrocarbon at 300° (or 270 c 
in the case of the methyl derivatives): cyclohexane, 614 c.c.: 
methylcyc/ohexane, 618 c.c.; 1 : 3-dimethylcyclohexane, 504 c.c.; 
isopentane, 38 e.c. ; »-hexaue. 40 8 c.c. (after renewing the catalyst 
five times); u-heptane. 3 2 • 5 c.c.; » -octane, 36 c.c. 

As an important application of the method, the analysis of a 
sample of hexane, b. p. 69 71°, from American petroleum is 
recorded. Whereas 30 c.c. of synthetic »-hexa»e gave only 338 c.c. 
of hvdrogen, 30 c.c. of the natural oil yielded 446 c.c. under 
exactly the same conditions. This corresponds with 2'4% of n/r/o- 
hexane in the sample, and actually 0-5592 gram of pure dinitro 
benzene was obtained from the dehydrogenated 30 c.c. ol oil. 

J. c. w. 


Criteria of the Degree of Purity of Commercial Toluene. 

John Scott Limsdex (T.. 1919. 115, 1366 -1372). 


Diflerentiation of Methyl and Ethyl Alcohols. Paxxwitz 
(1'h arm. Zentr.-h.. 1919, 60, 441 442). Although crystallised 

copper sulphate is insoluble in ethyl alcohol and dissolves in methyl 
alcohol to give a blue solution, this test is useless for dis- 
tinguishing methyl alcohol from ethyl alcohol, owing to the fact 
that a small quantity of water destroys the blue colour of the 
methyl alcohol solution. The quantity of added water must be 
increased to 35 % by vol. before the blue colour reappears, and at 
Ihis dilution ethyl alcohol also begins to dissolve copper sulphate. 
The same effects are noticed when ferrous sulphate is used in place 
of copper sulphate. The borax flame test for methyl alcohol also 
fails when water is present. W- * ■ ’ 


Influence of the Presence of Trimethylene Glycol on the 
Estimation of Glycerol by the Zeisel isePropyl Iodide 
Method. C. A. Ko.iahn (Her.. 1919, 52, hB], H 54 — 1460 ).— Allhongh 
trimethvlene glycol jn-oduces no silver iodide precipitate 1P: 
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digested by itself in the Zeisel apparatus at 120 -125°, it does so 
beh&ve when added to glycerol, in fact, the excess of silver iodide 
corresponds with the amount of $-di-iodopropane produced if the 
quantity of trimethylene glycol is small. As a consequence, 
vgisePs method is not applicable to the estimation of fermentation 
idycerol (the German “ protol ’-glycerol), for this contains tri 
methylene glycol. J. C. W. 

Chromatic Reactions oi Formaldehyde with certain 
Aromatic Compounds. Arturo Rossi (Boll. Chim. Farm., 1919, 
58 265 — 270). — Colorations, which are not necessarily distinctive 
of the aldehyde, are given by formaldehyde in 01 or 0 * 001 % 
aqueous solution, when added to sulphuric acid containing a trace 
of certain aromatic compounds in solution. Applied as a zone reac- 
tion the following colorations are obtained : Gallic acid, a reddish- 
brown ring, and, on shaking the tube, a green liquid changing to 
gieyish-green. Tannic acid , a reddish-brown ring, and a liquid bluish 
green at the bottom, but subsequently brownish-red throughout. 
PyrogaUol) a light rose-coloured ring, and liquid. The test is cap- 
able of detecting 0*00001% of formaldehyde. Salicylic and, a light 
ose-coloured ring and solution. Catechol and resorcinol, various 
ed rings and liquids. /3 -Xaphthol, a violet-red ring, and brownish- 
>lack liquid with green fluorescence. Jiemonap/ithol , similar colour 
•eactions. Phenyl salicylate , carmine-red ring and reddish-yellow 
.iquid, becoming pink on dilution. Phenol phtha/ein, no ring, but 
m orange liquid changing to carmine-red on shaking. Dilution 
with water causes a carmine-red precipitate to separate. 

C. A. M. 

Estimation of Formaldehyde in Blood. E. Salkowski 
(Biochem. Ztitsch ., 1919, 97, 129 135). -The protein of the blood 

is hydrolysed with gastric juice.- The hydrolysed mixture is dis- 
tilled and A/ 10-iodine added to the distillate. The residual iodine 
is then titrated with thiosulphate. The formaldehyde found 
amounted to only 85*73% of the quantity added to the blood. 

S. S- Z. 

Estimation of Acetone and Acetoacetic Acid with Auten 
rieth’s Colorimeter, H. Schall (Munch, vied. IVoch., 1919, 66 , 
812—814; from Chcm. Zentr ., 1919, iv, 562). - Description of the 
application of Autenrieth’s colorimeter to the colorimetric estima- 
tion of acetone according to Legal and to the estimation of aceto- 
acetic acid. Gerhardt's iron chloride reaction is suitable for 
the estimation of considerable concentrations of the latter (above 
R'5%), whilst, at greater dilutions, Rimini's ethylenediamine test is 
The former has the advantage of easy manipulation and con- 
stancy of colour, whilst the latter is more sensitive and gives a pure 
hut which, however, rapidly loses in intensity. Empirical solutions 
°f dyes are used as standards. When acetone and acetoacetic acid 
are present simultaneously, the estimation of acetone requires 
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the correction of a factor, since acetoacetie acid gives a positive 
Legal's reaction which is 5'55 as intense as that of acetone. 

H. W. 

An Acetoneurometer. A. Adler (Munch, med. Wock., 1919 
66. 722 — 723; from Chem. Zen.tr ., 1919, iv, 398). — A colorimetric 
method of estimating acetone is described which is based on Legal’s 
test. A mixture of urine (10 c.c.), sodium hydroxide solution (20%, 
1 c.o.), and sodium nitroprusside solution (33%, 0’5 c.c.) is well 
shaken, and acetic acid (20 drops) is added . The colour is compared 
with that given by mixing Neutral-red, New-blue, and Diamond- 
phosphine. Solutions of the dyes of the following concentrations are 
prepared: Neutral-red, 1:1000; New-blue, 1:1000; Diamond-phos- 
phine D, 1:100. Ten c.c. of the first, 3 c.c. of the second, and 
O' 6 c.c. of the third solution are mixed with water, 5 c.c. (solu- 
tion I), and correspond with 0'1% of acetone. Ten c.c. of solution I 
diluted with an equal volume of water correspond with 0'08% o{ 
acetone; 5 c.c. of solution I with 10 c.c. of water are equivalent in 
colour to 0'05% of acetone; 5 c.c. of solution I with 15 c.c. of water 
correspond with 0‘01% of acetone. Five c.c. of a solution of neutral- 
red (10 c.c.), new-blue (1 c.c.), and diamond-phosphine (O’l c.c.) 
with water (50 c.c.) correspond with 0’005% of acetone. The solu- 
tions are placed in tubes similar to those used in the experiment, 
which are subsequently sealed. The five standards are in practice 
sufficient for ascertaining the acetone content of a urine. H. XV. 

Methylene blue as a Reagent for the Detection of Sugar 
in Urine. F. Utz ( Siiddcut . Apoth. Zeit., 1919, 59 , 280—281 : 
from Chem. Zentr., 1919, iv, 212 — 213). — According to the author's 
observations, urines which contain sugar always give a positive reac- 
tion with solutions of methylene-blue, even when Lieber’s modifica- 
tion of the test is used. Aqueous solutions of dextrose behave simi- 
larly, but sucrose, carbamide, uric acid, and saliva do not give the 
reaction. Milk behaves similarly to urine containing sugar. Whilst 
aqueous solutions of hexamethylenetetramine do not react with 
methylene-blue, the urines of patients to whom the drug has been 
administered behave similarly to saccharine urines, but do not give 
a positive result with Fehling’s solution or Nylander’s reagent. 
Normal urines, free from sugar, also give a positive reaction with 
methylene-blue when they have been preserved for some days and 
are partly decomposed, and this is particularly noticeable if thev 
have been rendered alkaline with potassium hydroxide. Artificial 
gastric juice and glycuronic acid are also able to decolorise 
methylene-blue. The substance, therefore, is not a suitable reagent 
for the detection of sugar in urine. II. W- 

Rapid Method for the Estimation of Sugar in Urine. 

Otto Mayer (Arch. Hyg., 1919, 88, 184—197; from Chem. Zentr.. 
1919, iv, 211-212). — The detection of sugar in urine is best carried 
out by Trammer's test, for the performance of which, as also for 
Fehling’s and Nylander’s reactions, practical directions are given. 
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T> estimation of 9U gar is effected in the following manner- urine 
(10 c.c.) is p w in a 100 c.c. stoppered measuring cylinder, sodium 
hydroxide ( J%, 10 ac.) is added, and the solution is diluted to 
50 c.c. with water; copper sulphate solution (25 grams per litre) is 
gradually added with gentle shaking until the precipitate, which 
denotes the end of the reaction, practically completely redissolra 

011 °“ ly " jUSt ‘ ,erce P fcible ^ permanent 

turbidity, which slightly increases m course of time. Under these 
conditions each c.a of copper sulphate solution corresponds with 

°'1'“ f d uf r ,° Se + J th ? U c nne contams more 4% of sugar it 
» Preferable to take only 5 c.c, whilst if the content is ol l% 
20 c.c. may be measured out. Separation of alkaline earth pho£ 
phates from urines which have been treated with alkali and diluted 
ti-oin 2 .) to 10 times occurs only when these are present in excep- 
tional quantity. In this ease, sinoe the sensitiveness of the end- 
pomt may be great y reduced, it is advisable to treat 20 c.c. of the 
urine with ^0 c.c. of sodium hydroxide solution, to filter the solution 

ollltfilttte 00 and t0 PeHOrm **»*» "* b 50 - 

For the detection of acetone, powdered sodium nitroprusside 
| Oo-O 1 gram) is shaken with about 10 c.c. of urine, about 1 c c 
of sodmm hydroxide (15%) is added to the solution, lihich is then 
acidified with acetic acid (30% 2 c.c.). I„ this form the test is so 
sensitive that distillation is only necessary with such urines as are 
deeply coloured or contain only small amounts of acetone. The most 
suitable reagent for the detection of acetoacetic acid is a mixture o 
hquor fern, sesqmchl (o c.c.) and sodium chloride solution (13 
c.c.), the leaction being performed as a ring test. H. W 

Volumetric Estimation of Sugar in Milk. J. L .Mayer 

£ A /r-’ m9 ! 8 551—553). — Benedict's method 

fo. the estimation of dextrose in urine as modified bv the author 

trustworthy * eSt ‘ maU ° n ° f lactose in “ llk - The results were 

Chemical Abstracts. 

[Estimation of Invert- sugar by Fehling’s Solution.! J n 

u.vLeeowen ( Chem . Weehhlad, 1919, 16. 1425 — 1416) —In the 

P r”I e rt S f Ugar t S0luti0n with Fehlh ‘g' 3 dilution 

lat , te J Wlth four times its volume of magnesium sulphate 

to settle 'ramd[ 3m P j r *R tre ' 1 CaUS<,S ‘ he P reel P itated cuprous oxide 
settle rapidly, and thus gives a clear solution for testing with 

C th s w err0Cya ” a,ld aCetiC acid: the Solution must be cooled 

W. J. W. 

bromite^’F 11 . 0 ' Carbam j d ® b ? means of Sodium Hypo- 

1919 89 ' AAti D ;f 7 E0 7 Rand L Lescoeur (Compt. rend, Soc. Biol, 
SaH™ f~ 447; fr0m Chtm - Zentr ■’ 1919 ’ iv > 350). — In the 
it deLf - PU ? Carba , mide by bromine and alka li hydroxide, a 
tuiwban S 13 , a l W j y ? observed whlch has about the same magni- 
fied ■ the aa ’® ulatedfr o™ the nitrogen evolved or from the bromine 
error is doubled when the calculation is based on the 
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amount of carbon dioxide formed. The course of the reaction 
appears to depend on the relative quantities of alkali and carl) 
amide. A factor can be applied based on the results obtained, fn 
the estimation of carbamide in urine, high results are obtained 
when the calculation is based on the bromine which is utilised 
(particularly in the case of urines containing sugar), since bromine 
is also used in the oxidation of substances other than carbamide. 
The results deduced from the amounts of nitrogen and carbon 
dioxide formed respectively generally agree well among themselves ; 
in the ease of urines containing sugar, the values calculated from 
carbon dioxide are lower than those reckoned from nitrogen. 

H. W. 


Estimation of Carbamide in Blood and Urine. C. Hkaimi 
(Dent. mol. Hoc/).. 1919. 45, 803; from Chr-m. '/a, H r.. 
1919, iv, 442).- -A criticism of Citron's method of estimating carb- 
amide. The latter is not quantitatively decomposed by^ sodium 
Kypobromite according to the scheme: t 0( X H . - ,!N aBrO 
13NaBr + CO„ f 2H.,0-bNo, since a proportion of the nitrogen is 
retained as nitric acid or evanune acid. In the author s opinion ali 
methods which are based on the reaction between carbamide and 
sodium hypobroinite are to be rejected. The form of apparatus 
proposed is also open to many objections. H. M . 

Estimation of Carbamide in Urine by means of Urease. 

Arnold Hahn {Unit. mat. H'oc/i.. 1919, 45. 911-912); from 
Chtm. Zentr.. 1919, iv, 562— 563).— -The author's method has been 
modified by Horvath and Kadletz by (lie introduction of a receiver 
containing acid : the alteration is regarded as adding an unnecessary 
complication to the process. H- W. 

Detection of Hydrocyanic Acid in a Case of Poisoning. 
Its Post-mortem Transformation into Sulphocyanic Acid. 

„ h. Ciielle (<•„!» !>t. null., 1919. 169 , 852- 854. Compare A., 1919. 
ii, 329, 530). A dog was poisoned by administering potassium 
cyanide and an autopsy immediately performed, the various organs 
being divided up and kepi in stoppered sterile flasks tor various 
lengths of time. Using I he. methods previously described (lor. e it.), 
hydrocyanic acid as such, but no thiocvanic acid, was detected after 
two hours in the brain, lungs, and blood, but not in the liver. After 
eight days no hydrocyanic acid as such could be detected in any ot 
the oi gaits or the blood, but thioc.yanie acid was found in the blood, 
lungs, and brain, but not in the liver. Further, the amount- of thio- 
cyattic acid found in t.he lungs and brain, but not in the bloor , 
corresponded with far more than the amount of hydrocyanic acm 
found at the end of two hours. This is explained on the grounds 
that a certain amount of hydrocyanic acid becomes enclosed in t ie 
cells in the firrt few hours after death and is not set free by t le 
methods of estimation used, but alter eight days, as a resu o 



ANALYTICAL CHEMISTRY. 


ii. 67 


putrefaction and consequent cytolysis, it is all liberated by the 
reagents and thus estimated. W. G. 

Estimation of Ferricyanide and Ferrocyanide. I. M. 

Kolthoff ( Pharm . Weehblad, 1919, 56, 1618 — 1626). — The author 
has investigated the iodometric estimation of potassium ferricyanide. 
Xhe acidity of the solution has an appreciable influence on the 
reaction; if the concentration is sufficiently high, accurate results 
are obtained after allowing the solutions to remain for only half a 
minute. Rupp's method for the estimation of ferrocyanide is inac- 
curate. An outline is given of the theoretical interpretation of the 
iodometric estimation of ferri- and ferro-cyanide. The reducing 
action of ferrocyanide is increased by rise of temperature. 

W. J. W. 

proteinogenous Amines. II. A Micro-chemical Colori- 
metric Method for Estimating Iminazole Derivatives. 

Karl K. Koessler and Milton T. Hanke {J. Biol. Chern ., 1919, 
39, 497 — 519). — The method depends on the colour reaction 
between compounds containing the iminazole ring and sodium 
//-diazobenzenesulphonafce. It can be applied directly to practic- 
ally any iminazole derivative, gives equally good results whether 
applied to pure solutions or mixtures, and is capable of estimating 
with a fair degree of accuracy as little as O’OOOOl gram of any of 
the iminazoles. The iminazole derivative is 'added under certain 
conditions to a mixture of sodium carbonate and the p-diazo- 
benzenesulphonic acid in one cup of a Duboscq colorimeter, and 
the height of liquid in this cup is set at 20 mm. The other cup 
is filled with an appropriate indicator solution, and the height 
varied until the colours match. From tables which have been pre- 
pared, the amount of the iminazole derivative can be read off. 
Certain substances interfere with the method, notably ketones, 
alcohols, ammonium salts, and proteins. Animal charcoal must 
not be used to decolorise solutions which it is desired to test for 
iminazole derivatives, as loss by adsorption occurs, ,T. C. D. 

Proteinogenous Amines. III. A Quantitative Method 
for Separating Histamine from Histidine. Karl K. Koessler 

and Milton T. Hanke (J. Biol Cfiem 1919, 39, 521—538).— 
The colorimetric process described in the preceding abstract may 
be utilised for estimating certain components of mixtures of 
iminazole derivatives. A mixture of these derivatives, such, for 
example, as that which is formed by the action of bacteria on 
histidine in the presence of salts and dextrose, is treated with 
snlhcient sodium hydroxide to make the whole a 20% solution of 
alkali. This solution is extracted repeatedly with amyl alcohol, 
whereby the histamine, ammouia, methyliminazole, and other 
ammes are removed. This extract is termed the histamine frac- 
tion. whilst the residual liquid containing histidine, iminazole, pro- 
piomc, acetic and lactic acids is called the histidine fraction. The 
a mount of histidine can be determined by an estimation of the 
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amino-nitrogen in the second fraction. A colorimetric estimation 
on the same fraction will indicate whether there are other iminazole 
derivatives present other than histidine. 

The histamine and methyliminazole are extracted from the 
amyl alcohol by 1-OA-sulphurie acid, and a colorimetric estimation 
will give on this extract an indication of the total imhsazole sub- 
stances present. The methyliminazole may be estimated directly 
by the fact that it is volatile in steam . The colorimetric estimations 
on these two fractions will give by difference the amount of 
histamine present. J. C. lj 

Direct Estimation of Non-amino-nitrogen in the Products 
of Protein Hydrolysis. Alma Hiller and Donald D. Van Slvki 
(J. Biol. Chem., 1919, 39 , 479 — 488). — An extension of the method 
of protein analysis introduced by Van Slyke (A., 1915, ii, 851), 
The filtrate from the phosphotungstates of the diamino-acids, repre- 
senting 2 or 3 grams of protein, is concentrated to 150 c.c. Por 
tions of this solution are used for estimations of the total nitrogen 
and amino-nitrogen, as described in the original paper. Of the 
residue, 100 e.c. are measured into a separating funnel of 500 c.c. 
'capacity, and are rendered free from phosphotungstic acid by 
extraction with amyl alcohol-ether mixture in the presence of 
hydrochloric acid. The solution is concentrated in a vacuum to 
about 50 c.c., and washed into a 100 c.c. volumetric flask. Of this 
solution, 20 c.c. portions are used for the non-amino-nitrogen 
estimation. Each portion is placed in a small Kjeldahl flask with 
1'2 c.c. of 30% sodium nitrite and 5 c.c. of concentrated hydro 
chloric acid. When deamination is completed, the solution is 
neutralised to alizarin with 10% sodium hydroxide and reduced 
with zinc-copper couple. After making alkaline with magnesium 
oxide, the ammonia formed by the reduction is removed by boiling, 
and residual nitrogen is estimated by the Kjeldahl process. The 
results by this direct method agreed closely, in analyses of caseinogen 
and gelatin, with the results obtained indirectly by the original 
procedure. J. C. D. 

Apparatus for Rapid Gastric Analysis, together with a 
Method for the Preservation of Starch Solution. Raymond 
J. Miller ( J . Ind. Eng. Chem... 1919, 11 , 963 — 964). — A con- 
venient arrangement of burettes, indicator reservoirs and delivery 
tubes, an automatic pipette, etc., attached to one stand, 
and intended for the estimation of total acidity, free acidity, and 
amino-acid nitrogen (formaldehyde method) in gastric fluids. The 
starch solution is preserved under a layer of liquid “petrolatum, 
with or without the addition of a small quantity of toluene. 

W. P. S. 
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I. 0-4973 gave 0-0877 HgS and 0-0804 AL 2 O s . Hg=15’19; 
Al=9-51. 

0-4348 gave 0-6548 AgCl. 01=36-43. 

IX. 0-4407 gave 0-0777 HgS and 0-0790 Al,O s . Hg=15’20; 
Al=8'57. 

0-5995 gave 0-8831 AgCl. 01=37-25. 

4AlCl 3 ,HgCl 2 ,28H J 0 requires Hg=15-27; Al=8'25; 01 = 37 96; 
H 2 0 = 38'52 per cent. 


Cryoscopic Determination of the Molecular Weight. 


Solvent, 15-7251 grams of water. 


Solute. of. M.W. 


1 0-0903 -0-087° 130-84 

2 0-3077 -0-277 130-94 

3 0-6055 - 0-515 137-10 


The value found in this way approximates to one-tenth of the 
molecular weight, namely, 1309. In aqueous solution, the double 
salt is decomposed, as the solution is found to be distinctly acid. 
Since the compound 4AlCl 3 ,HgCU,28H 2 0 is completely hydrolysed 
to hydrochloric acid, aluminium hydroxide, and mercuric chloride, 
the observed molecular weight ought to be one-twelfth of 1309, as 
the lowering of the freezing point-, due to the aluminium hydroxide 
and mercuric chloride, is quite negligible. This anomaly is difficult 
to explain, and the molecular weight determination does not, there- 
fore, furnish much evidence as to the true molecular weight of the 
double salt in solution. 

I avail myself of this opportunity to express my sincere thanks 
to Sir Prafulla Chandra Bay for his helpful interest and encourage- 
ment in this work. 

College or Science, 

92, Uppex Ciecolas Boad 

Calcutta. [Received, June 6 lh, 1919.] 
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XI . — Acyl Substituted iso Thiohydantoins, 

By Augustus Edward Dixon and Raymond Thomas Joachim 
Kennedy. 

Concerning the acyl substituted isothiohydantoins, practically the 
whole of oui' knowledge, embodied in two papers, one by Wheeler 
and Johnson ( Amer . Chem. J., 1902, 28 , 121) and the other by 
Johnson, Wallbridge, McFarland, and Cramer (J. Amer. Chem, 
Hoc., 1903, 25 , 483), may be summarised as follows. isoThiohydan- 
toins containing an aiyl group, R, in the ring, by treatment with 
thiolacetic acid or with acetic anhydride, yield acetyl derivatives of 

the form MeCO'N'.C<^_^ ^ , the phenylic member of this class 

being producible also from either phenylisothiohydantoic acid or 
thiocyauoacetauilide by means of acetic anhydride. Further, ordin- 
ary /3-naphthyli'sothiohydautoin gives with acetic anhydride a deriv- 

’ JJ(COM#)-CO , 

ative, C 1Q H7 - N.t<^_ , the corresponding o- or p-tolyl- 

isothiohydantoin, under like treatment, affording a diacetyl deriv- 
ative. 

No purely acidic substitution derivative of isothiohydantoin seems 
yet to have been described. It was found, too, by Dixon and Taylor 
(T., 1912, 101 , 558) that ni-acetylpheuylthiocarbamide, when 
heated with chloroacetyl chloride, yields ordinary phenylisothio- 
hydantoiu, the acyl substituent of the thiocarbamide being expelled 
in the form of acetyl chloride. Similar results were observed with 
tri-substituted thiocarbamides containing the acetyl, the benzoyl, or 
the carbethoxy-radicle, together in each case with two hydrocarbon 
residues. 

Such tri-substitution derivatives are not particularly stable. More 
recent investigation has shown that less highly substituted thiocarb- 
amides containing the group -COOK (where R — alkyl or aryl), by 
means of chloroacetyl chloride are transformable into isothiohydan- 
toins without the loss of that group, Thus, for example, carb- 
ethoxyisothiohydautoiu may be obtained from carbethoxythiocarb- 
amide, or a phenylcarbethoxy-analogue from ab-phenylcarbethoxy- 
thiocarbamide. 

Consistently with the observations of Dixon and Taylor (toe. at.) 
it has been found that ethyl chloroacetate, in alcoholic solution, fails 
to attack the mono-substituted carboalkyloxy thiocarbamides ; if, 
however, calcium carbonate is added to the mixture, interaction 
takes place, with the formation of the corresponding mono-sub^u- 
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tuted tsothiohydantoiris. With di-sub»Hf.,t~j u.- , . 

wffw - -a -~—23 JtstS? 

carbamides, however, ethyl chloroacetate does not react 
directly or m the presence of calcium carbonate ’ 

So far as their method of production is concerned, the carboalkvl 
oxyisothiohydantoins referred to above mi»ht W vn , f 7 ' 

of the configurations represented by the formulas- ^ ^ 

MUh.nn 


KOCON:c< NPh '?° 
CH. 


and Pt ,NXV- N '< C0 ’ H )- ( » 

Ss 


<L) (II.) 

V? ky f 0lys , ed by meaus of dilute hydrochloric acid they 
yield carbon d IO xide, ammonium chloride and ‘„j!,j y 
thiazole.’ Now, Dixon has shown (T 1897 71 f -^T 

* -MAW ; 

as* ,t:;rr - 1 - - - — 2; 

St 

vhence it follows that the foregoing carboalkyloxyi/othiohydantoius 
have the constitution represented by formula 11. OI1 y aailt oios 

Judgment in the case of mono-substitution derivatives is a 1 
simple matter. Analogy would suggest the formula 

nh:c< N( 0 o » k )'V° 

CH 2 ’ 

RQ-co-n:c<^ h '^ > 

dioxythiazole, C 0 o R*NT , <^' i ^ , , , . 

“ '^S-CII ’ m ‘» ht be formed and then hydro- 
fsed, with elimination of the eroun -Po T? « i i 
^st formulated are unknown 2 ° f the daSS 

*«fcrtmide“t 0,1 « ^yW carb- 

hould be possible to synthesise a compound 

aviIi S the structure CO Ft»\r*P , 

LU ^t N * C < s _^ h . and if this should 
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prove isomeric with that from carbethoxythiocarbamide itself, deci- 
sion would be easy. In practice, however, such a check could not be 
applied, all attempts to produce a thiocarbamide of the required 
configuration being unsuccessful. 


Experimental. 

PhenylcarbethoxyisQthiohydantoin. 

When o6-phenylcarbethoxythiocarbamide was heated on the 
steam-bath with Blightly more than one molecular proportion of 
chloroacetyl chloride, liquefaction occurred with disengagement of 
hydrogen chloride and rapid deposition of a brown solid, the action 
being complete within a few minutes. 

By recrystallisation from hot glacial acetic acid, which dissolves 
it freely, the product was obtained in white needles, sparingly 
soluble in boiling alcohol, benzene, acetone, or cold acetic acid, and 
commencing to decompose at about 220°, but melting only towards 
250°. The substance is very slowly desulphurised by boiling with 
the alkaline solution of a lead salt, but readily yields silver sulphide 
when heated with ammoniacal silver nitrate. That it contains the 
group ’S’CHo’CO was shown by boiling the substance with alco 
holic potassium hydroxide, acidifying the liquor, and mixing with 
ferric chloride, followed by ammonia, the resultant purple colora- 
tion indicating (Andreasch, Per., 1879, 12 , 1385) the presence of 
a-thiolacetic acid. 

Found: N = 10‘58; S = 12'2. 

C 12 H 12 0 8 N 2 S requires N = 10'60; S= 12*12 per cent. 

A mixture of ethyl chloroacetate and a&-phenylcarbethoxythio- 
carbamide, in alcoholic solution, was boiled for three hours under 
reflux with excess of calcium carbonate, and filtered whilst hot. 
From the filtrate, as it cooled, the unchanged thiocarbamide sepa- 
rated in crystals, and the mother liquor gave no reaction for 
a-thiolacetic acid; in these circumstances, therefore, neither an iso- 
thiohydantoin nor an isothiohydantoic acid had been formed. 

Hydrolysis . — Hot concentrated hydrochloric acid rapidly dissolved 
the substance, carbon dioxide being evolved, and from the solution 
as it cooled, ‘ phenyldioxythiazole ’ separated in long, flaltenec 
prisms melting at 143 — 144°. In different experiments the yifik 
varied from 60 to 80 per cent, of the theoretical. 

The acid liquor from which the crystals had been deposited gave 
on evaporation, ammonium chloride together with a little aniline 
hydrochloride. As phenyldioxythiazole itself yielded no uniline 
when heated with hydrochloric acid, it is possible that the « 0 fch )O 
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bydantoin, PhN.C<^ ^ 2 ^ ^ , contained a trac® of the 

NPh’CO 

isomeride, C0 2 Et-N:C< g ^ ; from which aniline would be 

producible. 

Phenylcarhomethoxyhothiohydantoin. 

This was prepared in the manner already described, but from 
a.phenyl-6-carbomethoxythiocarbamide, and was similarly recrystal- 
lised from acetic acid. Marked decomposition occurred during the 
preparation, and the yield was poor. Except that the compound 
was rather more readily soluble in cold acetic acid, it resembled 
alike in properties and in reactions the carbethoxy-homologue; 
when heated, it decomposed gradually, but did not melt, even at 
250°. 

Found: S = 12'45. 

ChH w 0 3 N 2 S requires S = 12‘8 per cent. 


Phenylc.arboxy o- ( olylhathiohydantoin. 

a-Fhenyl-i-carboxy-o-tolylthiocarbamide (7 6 grams), in dry ben- 
rene, was heated for three hours, under reflux, with excess of chloro- 
acetyl chloride. On cooling, crystals were deposited which, after 
recrystallisation from alcohol, weighed I S grams, the original 
mother liquor, when evaporated, giving 3 5 grams of unchanged 
thiocarbamide; the yield, therefore, was but 28 per cent, of the 
theoretical. 

Found: N = 8'42; S = 9’85. 

C,;H,AN 2 S requires N = 8 a9; S = 9'82 per cent. 

The substance occurred in white, rectangular prisms, sparingly 
soluble ill cold alcohol or benzene, and melting at 169—170°. De- 
siilphunsation by boiling with the alkaline solution of a lead salt 
was slow and imperfect, even on prolonged boiling; but, with hot 
ammomacal silver nitrate, blackening took place readily. By hot 
alcoholic potassium hydroxide a-thiolacetic acid was produced, and 
recognised by Andreasch’s method; owing, however, to lack of 
materia), no further experiments could be made towards deciding 
the constitution of the substance. 

The original thiocarbamide, when boiled with ethyl chloroaoetat® 
h ” a 111 tlle presence of calcium carbonate, afforded not a 
ace °* a bov© fsothiohydantoin. 
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Carbethoxyisothiohydantoin. 

Carbethoxythiocarbamide and ebloroacetyl cbloride were heated 
with benzene under reflux until hydrogen chloride ceased to escape, 
the action being complete in about three hours. During the process 
a yellow solid was deposited, consisting of the impure hydrochloride 
of the above base, which latter was obtained by dissolving the 
product in hot acetic acid, filtering off any hydrochloride that sepa- 
rated on cooling, and evaporating the filtrate in a vacuum. More 
readily, it is obtainable from the crude hydrochloride by recrystal, 
lisation from alcohol, mixed with finely divided calcium carbonate, 

When ethyl chloroaeetate was used, instead of chloroacetyl 
chloride, no sign of interaction was detectable after three hours 1 
boiling; but when the experiment was repeated with an alcoholic 
solution in the presence of calcium carbonate, this being filtered off 
at the end of one and a-half hours, the filtrate, on cooling, deposited 
the nearly pure base. 

Carbethoxyisothiohydantoin separates from alcohol in white, 
hard, felted needles, melting and decomposing at 173 — 174°; it is 
sparingly soluble in cold water, moderately soluble in methyl 
alcohol, more readily so in ethyl alcohol, and dissolves freely in 
glacial acetic acid. It is not desulphurised by boiling with the alka- 
line solution of a lead salt or with ammoniacal silver nitrate, but is 
hydrolysed by hot alcoholic potassium hydroxide, with the forma- 
tion of o-thiolaeetic acid. 

Found: N = 14'84; S = 1711. 

C 6 H 8 0 3 N 2 S requires N=1490; S = 17'02 per cent. 

Hot dilute hydrochloric acid readily dissolved the substance, with 
effervescence due to the escape of carbon dioxide, and from the 
solution, when it had been evaporated down to a small bulk, crystals 
were deposited melting at 120—125° and consisting of nearly pure 
dioxythiazole. 

The hydrochloride formed cream-white needles, commencing to 
decompose at about 160°, but not melting at 200°. Insoluble in 
benzene, it dissolves in hot acetic acid with the loss of part, but not 
all, of the combined hydrogen chloride. By dissolution in hot water 
it is rapidly and completely decomposed, the liberated acid convert 
ing the base into dioxythiazole ; with boiling alcohol the same change 
occurs, but more slowly. 

Found : S = 14-62. 

C 6 ir 8 0,N.,S,IICl requires 14 25 per cent. 
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Carhomethozyhothiohydantoin. 

From carbomethoxythiocarbamide, in benzene, and chloroacetyl 
chloride the hydrochloride was obtained as in the last preparation, 
and on recrystallisation from acetic acid gave the pure base. Simi- 
larly, from the above thioearbamide and ethyl chloroacetate in the 
presence of calcium carbonate (but not in its absence) the free base 
was obtained. 

In respect of general properties and reactions, carbomethoxyiso- 
thiohydantoin closely resembles the carbethoxy-homologue, being, 
however, somewhat less readily soluble in methyl alcohol, ethyl 
alcohol, or glacial acetic acid. It has no definite melting point, but 
decomposes from about 170° onwards, being still unmelted at 220°. 

Found: N = 16'05; 8 = 18'24. 

C 5 H 6 0 3 N 2 S requires N = 16'09 S = 18‘39 per cent. 

On contact with hot dilute hydrochloric acid, it dissolved with 
escape of carbon dioxide, the solution, when evaporated, giving 
ammonium chloride, together with dioxythiazole. (Found, 
S=26'85; dioxythiazole requires S = 27 35 per cent.) 

By alkaline hydrolysis it yielded a-thiolacetic acid, which was 
recognised a9 before. 

Garbopkenoxyisotkiohydantoin. 

Carbophenoxythiocarbamide in dry benzene, when heated under 
reflux with chloroacetyl chloride, gave a yellow, crystalline mass of 
the substituted isothiohydantoin hydrochloride. By treatment with 
boiling alcohol containing finely divided calcium carbonate in sus- 
pension, the free base was obtained in faintly yellow crystals melting 
at 185-186°. 

Found: S-13'51. 

CioH s 0 3 N 2 S requires S = 13'56 per cent. 

Hydrolysis with hot alcoholic potassium hydroxide gave a solution 
responding to Andreasch’s test for a-thiolacetic acid. 

With the foregoing thioearbamide, in alcohol, ethyl chloroacetate 
failed to react, even in the presence of calcium carbonate — a result 
differing sharply from that observed with the carbethoxy- or with 
the carbomethoxy-analogue. The experiment was repeated, carbo- 
o-iolyloxythiocarbamide being used instead, but in this case, ’too, no 
interaction took place. 

Chemistry Department, 

University College, 

Cork. 


[Received, December 1( )th, 1919.] 
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XII. — Carboalkyloxythiocarbamides. 

By Augustus Edward Dixon and Raymond Thomas Joachim 
Kennedy. 

In the course of a recent investigation (see preceding paper), pro- 
gress was much retarded through the difficulty experienced in pre- 
paring sufficient quantities of certain necessary thiocarhamid 6s 
particularly those containing the earbomethoxy- or the carbethoxy. 
group, alone. Although such compounds are known, having been 
obtained both from the corresponding thiocarbimides and ammonia 
(Doran, T., 1896, 69 , 331) and by the hydrolysis of aldehyde- 
ammonia derivatives of the former (Dixon and Taylor, T., 1916, 
109 , 1260), the yields are far from satisfactory — at all events, the 
best yield now attained by either method did not. exceed 5 per 
cent, of the theoretical. 

From oJ-acetylphcnylthiocarbamide, by heating it with excess of 
ethyl chlorocarbonate, the acetyl radicle is expelled as chloride, 
with the formation of the corresponding afi-carbetboxyphenylthio- 
carbamide (Doran, T., 1901, 79 , 913); it, seemed, therefore, almost 
a foregone conclusion that from acetvlthiocarbamide, in like circum- 
stances, the products must lie acetyl chloride and carhethoxythio- 
carbamide, NHyCS'NH'CCbEt. This forecast proved incorrect, 
for, on experiment, no trace of the latter substance was obtained. 

By treating with dilute alkali hydroxide the additive compound 
of a hydrocarbon mono-substituted thiocarbamide and a chloro- 
carbonate, Dixon succeeded in realising the changes 

™> c: <r K ‘£>CS-CO s Et -> NHj-CS-NR-CO,® 

on the other hand, the corresponding, non-substituted base, 

Nib,>c : ®’C 0 2^ t > 

when similarly liberated from its ‘hydrochloride,’ broke down 
without yielding carbethoxythiocarbamide (T., 1903 , 83, 558, 565), 

In the last case, the attack of the alkali hydroxide being 
primarily on the carbethoxy-group, it seemed probable that if alkali 
bicarbonate were used instead of alkali hydroxide, the disruption 
of that group might at least be hindered for a while. If so — the 
speed of migration of an acyl radicle from sulphur to nitrogen 
being often a matter of seconds — even a slight delay in the break- 
ing down of the carbethoxy-complex might leave time enough for 
its transference. 
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Experimentally, this prevision has been justified by the produc- 
tion of the compounds sought, namely, carbomethoxy- and earb- 
etboxy-thiocarbamides; they have been obtained, however, only 
indirectly, and through some unexpected intermediate reactions. 
Briefly* the facts are as follows. 

Thiocarbamide-ethyl chlorocarbonate, 51fe > C:S<C£P 2Et in 

Cl 5 

aqueous solution yields with sodium hydrogen carbonate a bulky, 
white precipitate of the corresponding bicarbonate, 


NH. 

Nit 


>c:s< 


<30, Kt 
O-CO.K’ 


ail unstable compound, which soon changes into a compact mass of 
prisms consisting of wr-dicarbethoxythiocarbamide ; concurrently, 
thiocarbamide is liberated and passes into solution, alonv with the 
sodium chloride. The dicarbethoxy thiocarbamide, itself” stable, is 
readily hydrolysed in alcoholic solution by hydrochloric acid, with 
the formation of the monocarbethoxy-tlerivative, 
Nn„-CS-NH-CO,Et. 

Although the bicarbonate soon decomposes, especially in the 
presence of water, the change requires a certain time, and the bulky 
precipitate, if treated at once with dilute hydrochloric acid, dis- 
solves, thereby furnishing a clear solution of the original salt (thio- 
carbamide-ethyl chlorocarbonate, in aqueous solution, gives a 
pierate identical with that obtained from the above solution of the 
bicarbonate in acid). The bicarbonate, after some twenty-four 
hours’ keeping in a desiccator, changed completely into a mixture 
of thiourea and dicarbethoxythiocarbamide. 

Thiocarbamide-methyl chlorocarbonate behaves similarly. 

The spontaneous change of a salt containing but one carbethoxy- 
(or carbomethoxy-) group into an «o-di-sub?tituted thiocarbamide 
is a remarkable phenomenon. That the last-named substance really 
has the on-configuration follows from experimental results, that' 
will presently be stated; moreover, that, it is no mere by-product is 
clear, for, reckoned on the weight of ‘ hydrochloride ' employed 
and calculated from the equation 

-N H J> C:S <o-CO„K ^H 3 -CS-N(C0 2 Me) 2 + CSN 2 H 4 + 2H ! C0 a , 

the yield of di-substitution derivative may reach at least 70 per 
cent, of the theoretical. 

As regards the migration of an acyl group from sulphur to 
nitrogen, the process is of a kind now well established as normal. 
Mther, if one of the two nitrogen atoms of the acyl-^-thiocarb- 
amido is charged already with a hydrocarbon radicle, the wander- 
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ing acyl group goes always to join the latter (see, for example, 
Dixon and Hawthorne, T., 1907, 91 , 128), and may either remain 
there permanently, or may again move, spontaneously or under 
stress, to the other; hut, to the already substituted nitrogen atom, 
it goes in the first instance. Consequently, if the group 'CO.,!! 
has made its normal excursion to yield the substituted thiocarb- 
amide, NH 2 -CS'NH-C0 2 R, it seems natural that a second, follow- 
ing in after the first, should take up the same station, at all events 
temporarily. In the case here considered, one may reasonably 
suppose that the second radicle is furnished by another molecule 
of the base, NH 2 - C(1NH) , S - C0 2 R, which holds it only loosely; and 
the fact that thiourea, not initially present, is found eventually 
along with the di substitution product, is consistent with such a 
view. Still, it is a curious change, and all attempts hitherto made 
to reproduce it with other acyl sulphonium salts have proved 
unsuccessful. 

For the structure, NH>CS-N(CO.,R) 2 , assigned to the foregoing 
dicarboalkyloxythiocarbamides, the experimental evidence is that 
the dicarbethoxy-compouud, by cold concentrated alkali hydroxide, 
is resolved into thiocyanic acid and the ethyl ester of iminocii- 
carbonic acid, 

NH 2 -CS-N(C0 2 Et) 2 — > HSCN + NH(C0 2 E% 

Those on-derivatives are white. According to E. A. Werner (T„ 
1916, 109 , 1124), the yellow diacetylthiourea, obtained from acetic 
anhydride and thiourea in the presence of a mineral acid, is a 
i/'-thiocarbamide, MeCO-NH-C(lNH)-S-COMe. Whether this really 
expresses the constitution of the compound, it is somewhat difficult 
to judge from the evidence adduced, since part of the latter— 
notably the decomposition, by heat, into acetamide and acetylthio- 
carbimide — would equally well support the ob-formula. In the 
present connexion, however, the sole point of interest was to learn 
whether the two acyl radicles might possibly be attached to the 
same nitrogen atom. On treatment with concentrated alkali hydr- 
oxide, however, the diacetyl compound afforded not a trace of thio- 
cyanic acid, a result decisive against that view. 

Experimental. 

Carbethoxy -derivatives. 

To a concentrated aqueous solution of thiocarbamide-ethvl 
chloroearbonate,* sodium hydrogen carbonate was added in slight 
, NH.„ /CO-.Et 

hClik . This name is not quite so cumbrous as diamiao- 

Nil/ \C1 

methylenecarhethoxysulphonium chlorido. Besides, it is not impossible that 
the compound may be an ammonium gait. 
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excess; carbon dioxide was rapidly evolved, a crystalline material 
being deposited, which, after it had remained for some time, was 
collected, washed, and dried. The product formed shining, white, 
rectangular plates melting at 97° with effervescence, and with the 
evolution of carbethoxythioearbimide, easily recognised by its 
characteristic odour. Practically insoluble in water or in benzene, 
it dissolved freely in alcohol, the solution giving with ammoniacal 
silver nitrate a black precipitate of silver sulphide, but resisting 
desulphurisation by the alkaline solution of a lead salt, even after 
prolonged boiling. Analysis showed the compound to be a dicarb- 
ethoxythiocarbamide. 

Found: N = 12'64; S= 14-44. 

CjHi 2 0 4 N 2 S requires N — 12-73 ; S = 14 54 per cent. 

In cold concentrated alkali hydroxide, the substance dissolved 
readily, a portion of the liquid, when acidified and then treated 
with ferric chloride, giving the reaction of thiocyanic acid. Prom 
the remainder, ether extracted a material having the properties 
and giving the reactions of diethyl iminodicarbonate (Found: 
N = 8'68. C 6 H,,0,N requires N = 8 69 per cent.). 

When allowed to evaporate spontaneously, the liquor from which 
the dicarbethoxythiocarbamide had separated left a residue of 
sodium chloride mixed with thiourea. 

Dicarbethoxythiocarbamide is practically insoluble in dilute 
hydrochloric add. Yet the precipitate obtained by means of 
sodium hydrogen carbonate, if treated immediately with a dilute 
acid, dissolved at once, and the solution gave with picric acid a 
sparingly soluble, bright yellow picrate melting at 150 — 151°, 
From an aqueous solution of thiocarbamide-ethyl chlorocarbonate. 
a picrate was obtained having the same melting point, and a mix- 
ture of the two, in equal proportions, melted also at 150—151°; 
evidently, the bicarbonate precipitate, when freshly prepared, is 
transformable into the salt from which it was generated. 

That precipitate, originally voluminous, but shrinking as it 
changes into the thiocarbamide, was supposed at first to be the free 
base, carbethoxy-fthiocarbamide, NHpC(:NH)-S-CO„Et. Strange 
to say, this is not so; it is an unstable salt, apparently the 
bicarbonate of the base. When filtered off as rapidly as possible, 
washed with acetone, and dried in bibulous paper, it formed reeb 
angular plates, melting and effervescing at 59—60°, having a 
distinct odour of carbethoxythioearbimide, and dissolving in acid 
' V1 t kj 1 © evolution of carbon dioxide to a clear solution ; in plain 
water it dissolved appreciably, but without effervescence, 

Found: N = 15’2; S = lG-4. 

C 5 H,„0 3 N 2 S requires N = 15-64; S = 17'87 per cent. 

B 2* 
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Naturally, the experimental figures are no more than roughly 
approximate to those. calculated. After twenty-four hours’ keep- 
ing in a vacuum desiccator, the substance had completely decom- 
posed into a mixture (m. p. 70 — 100°), from which water extracted 
a portion, leaving a residue of slightly impure dicarbethoxythio. 
carbamide. The aqueous extract, when treated with hydrochloric 
acid and potassium nitrite, followed by picric acid, yielded the 
picrate of formamidine disulphide, recognised by its melting point 
and by the mixed melting-point method; hence it contained thio- 
urea. Neither carbethoxythiocarbamide nor arz-dicarbethoxythio- 
carbamide yields a derivative of formamidine disulphide under the 
above conditions, nor does either of them give a picrate with 
aqueous picric ac^d. 

Further to confirm that the unstable substance is a carbonate 
(and not the corresponding free base), a quantity of the freshly 
prepared material, in aqueous solution, was mixed with a clear solu- 
tion of basic lead acetate, whereon lead carbonate was pre- 
cipitated. To the filtrate, freed from most of the lead by means 
of hydrochloric acid, and subsequent filtration, picric acid was 
added, the picrate of carbethoxy-^-thiocarbamide (see above) thus 
being obtained. 

Carbethoxythiocarbamide is formed when a solution of aa-dicarb- 
ethoxythiocarbamide, in alcohol, is acidified with hydrochloric acid ; 
on keeping, the former gradually separates in crystals, the yield 
being about 80 per cent, of that required by the equation 

NH 2 , CS , N(C0 2 Et) 2 f HoO -> NH 2 -CS-NlI-CO.>Et+CO 2 + Et0H. 

More easily, it may be obtained by adding excess of sodium 
hydrogen carbonate to an alcoholic solution of thiocarbamide-ethyl 
chlorocarbonate, and shaking the mixture from time to time; when 
the reaction is at an end, the turbid mixture is filtered, the filtrate 
being then acidified .and set aside for the crystals to separate. 
Although, in relation to the amounts of thiocarbamide and of ethyl 
chlorocarbonate originally taken, the yield is not very gratifying, 
yet, compared with that of the methods earlier mentioned, it is 
highly productive; the process, too, is facile of operation, because 
the * hydrochloride ’ may be obtained by passing carbonyl chloride 
through a suspension of thiourea in benzene and absolute alcohol 
(compare T., 1903, 83 , 565). 


Carbomethoxy-derivatives. 

Thiocarbamide-m ethyl chlorocarbonate, in aqueous solution, gave 
with sodium hydrogen carbonate a bulky, white precipitate, melting 
at 62 ‘5 — 63 ‘5 g , and resembling in general properties the carbethoxy- 
homologue, except for a slightly greater solubility in water. The 
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freshly prepared hydrogen carbonate, dis- 

solved readily and completely in cold dilute hydrochloric acid, the 
solution yielding with picric acid a sparingly soluble, bright yellow 
pier ate melting at 207 — 210°, 

Found: N=14*72; 8=17*44. 

C 4 n fi 0 5 N. 2 S requires N = 14'28; S = 16 33 per cent. 

To measure the carbon dioxide, a portion was treated in the 
lun^e nitrometer, over mercury, with excess of dilute hydrochloric 
acid. 

Found: C0 2 = 21*65. Theory requires C0 2 =22'45 per cent. 

Decomposition was slower than in the case of the carbethoxy- 
derivative, the solid, even after twenty-four hours' keeping, still 
effervescing slightly on acidification; at the end of two days, how- 
ever, the change was complete. By means of cold water, the thio- 
urea was extracted, a mass of white, rhombic plates being left; 
they were readily soluble in alcohol, but practically insoluble in 
water, ether, acetone, benzene, or light petroleum, and melted at 
117-118°. 

Found: N=14'44; S = 16*54. 

C 0 H 8 O 4 N.,S requires X — 14 58 ; S = 16‘67 per cent. 

Reckoned from the weight of thiocarbamide-methyl chloro- 
earbonate employed, the yield of dicarbomethoxythiocarbamide was 
about 70 per cent, of the theoretical. 

In cold concentrated alkali hydroxide, the substance dissolved at 
once, the solution reacting copiously for thiocyanic acid; hence 
both carbomethoxy-groups arc attached to the same nitrogen atom. 

The alcoholic solution, when acidified with hydrochloric acid, 
gradually deposited crystals of carbomethoxythiocarbamide. In 
this case, however, as in that of the higher homologue, it is un- 
necessary to prepare the nn-compound ; an alcoholic solution of thio- 
carbamide-methyl chlorooarbonate (which may be prepared from 
thiourea in methyl alcohol-benzene suspension and carbonyl 
chloride), when treated with sodium hydrogen carbonate and then 
acidified, gives the mono-substitution derivative in yield varying 
from 60 to 70 per cent, of the theoretical. 

A solution of thiocarbamide-methyl chlorocarbonate in water 
remained practically clear after some weeks’ keeping, and hence 
had developed neither carhomethoxy- nor diear bomethoxy-thio- 
carbamide. Decomposition slowly occurred, partly with regener- 
ation of thiourea and partly with the formation of the hydro- 
chloride of methyl- i/f-thiocaibamide, NIlyC^NH^SMe. 

Chemistry Department, 

University College, 

Cork. 


[Received, December 10 $, 1919 .} 
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XIII . — Organic Derivatives of Tellurium. Part l 
Dimethyltelluronium Dihaloids. 

By Richard Henry Vernon. 

The first mention of dimethyltelluronium di-iodide, TeMejI^ is by 
Dema^ay (Bull. Soc. chirn., 1883, [ii], 40 , 99), who merely states 
that this substance is obtained by the action of methyl iodide on 
tellurium, and that decomposition takes place at 100 — 120°. 

In 1904, Scotf (P., 1904, 20 , 157) confirmed Demarjay's work, 
mentioned that neither sulphur nor selenium behaves in a similar 
manner, and described the preparation of trimethyltelluronium 
iodide. 

The present paper is more in the nature of an introduction to 
the chemistry of this singular di-iodide, and its main object is to 
show that there are not only two dimethyltelluronium di-iodides, 
two dibromides, and two dichlorides, but that these haloid deriv- 
atives of the bivalent radicle ‘'dimet-hyltelluride” are respective! ■; 
isomeric. 

The reason for this duplication is that there are two bases, and 
that each base gives a corresponding series of derivatives. 

The first, or a-base, is obtained by treating Demarjay’s red iodide 
with silver oxide and water. An aqueous solution with markedly 
basic properties results. 

To prepare the second, or d-base, tbe solution of the n-hase is 
evaporated to dryness under specified conditions, and the white, 
crystalline mass redissolved in water. 

The chemical behaviour towards reagents of these two bases is 
shown in the following table, the solutions in each case being 
precisely of the same concentration. 


Reagent 

Aqueous 

solution of a *base. 

Aqueous 

solution of £-bft90. 

AgNO, 

.. Precipitate of Ag,0. 

White precipitate. Becomes 
black on boiling. 

FeCl 3 

.. Precipitate of Fe(OH} s 
when base is in excess. 

White precipitate when 
base is in excess. 

FeCl, 

.. A red solution becoming 
darker on boiling. 

No precipitate when FeCt, 
is in excess. 

H,PtCl a 

... No precipitate. 

Yellow platinum salt. 

Picric acid 

... No precipitate. 

Yellow picrate. 
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The best reaction to distinguish between them is that with silver 
nitrate, and this first directed the author’s attention to their exist- 
ence. Another typical reaction is with ferric chloride. Both these 
bases form picrates, but that of the a-base possesses a much greater 
solubility than that derived from the /8-base. Generally speaking, 
the two bases behave towards metallic salts like the alkalis, the pre- 
cipitates being apparently similar in some cases, but showing 
marked differences in others. 

Apart from these reactions, the chief feature of interest lies in 
the action of the halogen acids. 

Thus, if the a-base is treated with hydriodic acid, the original 
e-iodide, namely, Demarfay’s, is regenerated. 

TeMe,I 2 TeMe^OH), TeMe 2 I, 

o-Iodide. a-Base. a-Iodide, 

On treatment of the /3-base with hydriodic acid, in marked con- 
trast to the a-, Demarjay’s iodide is not regenerated, hut a new 
iodide totally different in chemical and physical properties, and 
this new or /9-iodide has proved to be isomeric with the a- or 
Demarfay’s iodide. The equation now becomes: 

TeMejIj TeMe ? (OH)j TeMe,(OH) 2 TeMe.J, 

a-Todide. a-Base. 6- Base. B- Iodide. 

Repeated attempts have so far shown that, although the a-base 
easily changes into the /3-, the reverse is not the case. Further- 
more, each iodide is converted into its corresponding base on treat- 
ment with silver oxido, and hence the still more generalised equa- 
tion can be written : 

TeJbjXj A .S? TeMe./OH), TeJJe„(OH) 2 2 TeMe,X, 

HS A?jO 

a-TIaloid. a-Bose. 8 - Base. /3-Haloid. 

where X is either chlorine, bromine, or iodine, precisely the same 
reactions taking place with the other two halogen acids as with 
hydriodic acid itself. 

There are thus six dimethyltelluronium dihaloids of the general 
type TeMe, 2 Xo, and in future all derivatives of the a-base will be 
prefixed by the letter a and those of the /3-base by the letter /3. 

This is very necessary, because not only do the two haloid series 
exist, but every salt is duplicated. This does not imply, however, 
that they are necessarily isomeric. 

Meltmtf Points . — The following is a comparison of the melting 
points ; 

a-Chloride : 92 7 ^-Chloride : l!H a 

a-Bromide : 92° /3-Bromide t 142° 

^-Iodide s 127° /3-Todide : (no m. p.) 
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Of these, the a-chloride and bromide melt sharply without decora 
position, and the remainder decompose on fusion. The 3-iodide 
imperceptibly changes into tellurium and methyl iodide above 100° 
but no sign of fusion is observed. 

Colour and Absorption Spectra .- — Solutions of the dimethyl- 
telluronium dihaloids have somewhat different colours from the 
salts themselves, and this is particularly marked with the two 
iodides. 

The bright red crystals of the a-iodide give a deep orange solu- 
tion, and the black or greenish-black crystals of the /3-iodide a 
blood-red one. The following table gives the colour of the salts 
and their solutions : 


Solution 
(77/100 in ethyl 
Salt. alcohol). 

o-Chloride Colourless. Colourless. 

/3-Chloride Tinged. Tinged. 

a-Bromida Yellowish. Yellowish. 

/3-Bromide Orange Orange. 

a-Iodide Red. Deep orange. 

/3-Iodidc Black (greenish- Blood-red. 

black). 


Of considerable interest is the absorption spectra in the ultra- 
violet region, photographs of which were obtained through the 


Salt. 

Thickness of 
solution. 

K 

a -Chloride 

2 mm. 

2640 


10 „ 

2742 


20 „ 

2760 


30 „ 

2780 

8 -Chloride 

2 mm. 

2680 


10 „ 

2750 


20 „ 

2890 


30 „ 

2935 

a-Bromidc 


3005 


10 „ 

3245 


20 „ 

3300 


30 „ 

3350 

/3-Bromide 

2 mm. 

3045 


10 „ 

3310 


20 „ 

3405 


30 „ 

3450 

a -Iodide 

2 mm. 

3940 


10 „ 

4190 


20 ., 

4320 


30 „ 

4425 

B-Todide 


4350 


4 „ 

4425 
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kindness of Mr. J. E. Purvis. Hundredth-raol. solutions, in ethyl 
alcohol, were used in each case, and fifteen photographs were taken 
n ea ch plate. The source of illumination was a cadmium spark, 
and the exposure was two minutes for each photograph. In no 
case were any bands observed, and the positions where general 
absorption began are given for thicknesses of 2, 10, 20, and 
30 mm. 

It. will be noticed that (1) the j8-haloid has a greater absorbing 
power than the corresponding a-one, and (2) the a-chloride shows 
tlie least absorption and the iodide the greatest, the latter absorb- 
ing to the extent of complete extinction through a thickness of 
solution greater than 4 mm. 

Iu view of the enormous absorbing power of the two iodides, and 
especially of the /3-iodide. two extra spectrographs were taken 
using a fcen-thousandth-mole solution (ethyl alcohol), otherwise 
precisely the same conditions were maintained, and although a 
marked difference between the two was still noticeable, no bands 
were apparent 

Constitution. — (1) The existence of two series of dimethyl- 
lelluronium dihaloids has been established. In the case of each of 
the chlorides, bromides, and iodides it has been shown* (i) that 
they have the same percentage composition, (ii) that they have the 
same molecular weight, and (iii) that there is no question of poly- 
morphism, since («) the absorption spectra are different, and ( b ) 
their chemical behaviour is different, thus each regenerates its 
respective base when treated with silver oxide. The conclusion 
is, therefore, that these haloids must be respectively isomeric. 

(2) Since in the a- as well a.s in the /3-series both halogens are 
ionisable, the halogen being precipitated quantitatively by silver 
nitrate, and both the a- and the /3-bases are strongly diacidic, the 
haloids of both series must be represented by structural for/nuke 

of the type 

(3) The fact that there exist in these simple compounds of 
quadrivalent tellurium two substances corresponding with one 
structural formula shows that the relationship between the four 
tellurium valencies must be different from that generally assumed 
to exist between the carbon valencies in such a compound as 
methylene iodide, that is, there cannot be four equal valencies 
directed towards the solid angles of a regular tetrahedron of which 
the tellurium atom occupies the centre. 

Analytical figures and molecular weights will be found in the experimental 
part, 
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(a) The four tellurium valencies might have different values 
and not be equivalent to one another. 



.--OH, 



X 


(b) Their arrangement might differ widely from the regular 
tetrahedral disposition. The most symmetrical disposition that 
would account for the existence of the two isomerides would be 
that in which the four valencies are in one plane. 


CH a 


CH, 


I 


CH„ 


CH, 


(c) Another suggestion that might be put forward is that the 
tellurium atom occupies the apex of a pyramid with a rectangular 
base. 

(4) The discussion of the exact cause of the isomerism will be 
fully dealt with in a later paper. The purpose of the present 
communication is merely to show that the compounds ’( eMeX- 
actually exist in two isomeric forms. 


Expert mental. 

The a- or Demarcat/'s Iodide. ( a.-THwitthyltelluronwim Di-iodide). 

According to Demar$ay, this substance, is obtained directly by 
heating at 80° a mixture of methyl iodide and tellurium in the 
proportion of two mols. of the former to one of the latter. 

The best method nf procedure is to blow a ISO 200 c.c. bulb 
on the end of a 1 '5 to 2 cm. glass tube, seal up the contents 
(50 grams of amorphous tellurium and 112 grams of methyl iodide 
is a convenient amount), and keep in a water-bath at 80° for thirty- 
six to forty-eight hours. Very little pressure is developed at any 
time, and none will be found when the cold tube is opened. This 
is now broken into a mortar, the brittle, red mass finely powdered 
and extracted with chloroform, and if the same chloroform 15 ns f| 
for repeated extractions, very little is necessary, A hot funnel wit 
be required when filtering off the unchanged tellurium. 1 | 
interaction between methyl iodide and tellurium is very ™P U a ' 
first, hut gradually becomes slow, and eventually appears o f "P 
altogether, even on prolonged heating. In one experimen , w 
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50 orams of tellurium and 112 grams of methyl iodide were kept 
s t 80° for forty-eight hours, a yield (the yields are calculated on 
the crystalline iodide obtained from chloroform) of 50 per cent. 
was obtained. 

precisely the same quantities, when kept at 80° for three weeks, 
oave only a 55 per cent, yield. The yields are proportionally 
Greater when small quantities are used. 

phe a-iodide crystallises from solvents in varying shades of red 
and melts and decomposes at 127°: 

0 2293 gave 0 0490 C0 2 and 0 0325 H„0. C = 5*83; H=1'57. 
0-1890 in 34*65 benzene gave A ( — — 0*068°. M.W. —401 . 
C.H c I»Te requires C = 5*83; H = l*46 per cent. M.W. = 411. 

The reaction between tellurium and methyl iodide is a reversible 

0Be ’ so 

Te + 2CH 3 I (CH,)Jei„ 

ioo : 

proceeding from left to right at 80° and from right to left at or 
above 100°. In order to show this, a weighed quantity of the 
iodide was placed in a small bulb blown at the end of a 4 mm. 
tube, the open end being drawn out into a fine capillary tube and 
bent at right angles. This constituted a small distilling flask, and 
the iodide when carefully heated to 100° in a sulphuric acid bath 
be»an to decompose. The temperature was gradually raised to 
189°, and the distillate collected in a weighed tube kept in ice : 
1*2912 gave Te (residue) =0*4206; CHJ (distillate) = 0*8352. 
Te = 32 ; CH,I = 65. 

CjH^oTe requires Tes=3I ; CH 3 I^69 per cent. 

These figures are not in close agreement, but are sufficient to 
show that methyl iodide is the product of decomposition, and not 
dimethyl telluride. The distillate, also, was quite free from the 
overpowering odour of the telluride. 

The a-iodide is soluble in most organic solvents, the best being 
chloroform and benzene. To obtain good crystals, boiling saturated 
solutions should bo allowed to cool, and, when cold, the solvent at 
once decanted, otherwise polymerisation sets in. 

The a-iodide is not soluble in cold water, but on prolonged boil- 
ing an orange-red solution is obtained which, on cooling, deposits 
the iodide, leaving a perfectly colourless solution. The salt is 
partly hydrolysed and the reaction is reversible. 

TeMe 2 I 2 + 2H 2 0 TeMe v (OH) 2 + 2HI 

A curious 9 tate of equilibrium between the a-bas® and hydriodic 
acid results when a boiling saturated, solution of the iodide is 
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suddenly poured into a large excess of cold water. A fine, yellow 
precipitate at once forms and as quickly disappears, the aqueous 
solution remaining quite colourless. The base is now in equilibrium 
with the hydriodic acid, and will remain so indefinitely. 

If this perfectly colourless solution is evaporated, crystals of the 
iodide appear. If hydriodic acid is added, the iodide is at once 
precipitated. 

The action of alkalis and of both aqueous and dry ammonia on 
the iodide will be dealt with in a separate paper. 

A remarkable reaction, which is almost unique, is that between 
the iodide and mercury diphenyl. If boiling chloroform solutions 
of the two compounds are suddenly mixed, the mixture will remain 
perfectly clear and quiescent for a few seconds (this period depend- 
ing on the concentration of the solutions and on the temperature, 
decreasing with an increase of concentration and inversely), and 
then, in a flash, the reaction sets in, and the perfectly clear solution 
instantly becomes opaque. 

The explanation for this reaction probably lies in the formation 
of an oil (an excessively unstable form of the mercury compound), 
which is, moreover, very readily soluble in chloroform. At a 
given moment this oil suddenly changes into the more stable 
crystalline form, which is quite insoluble in chloroform. Experi- 
ment shows the existence of such an oil. and the complete insolu- 
bility of the crystalline mercury compound in chloroform rather 
confirms this hypothesis. 

This mercury diphenyl reaction is very characteristic of the 
a-iodide, and although similar compounds are formed with other 
aliphatic tellurium derivatives, such as with diethyltelluronium 
di-iodide (a lemon-vellow salt), the reaction does not take place in 
this curious manner. 

Fumino- or concentrated nitric acid precipitates the iodine from 
.the a-iodide, and if the mixture is evaporated on the water-bath 
the iodine is gradually expelled, and the colourless solution deposits 
white crystals of the a-nUrnte , which melts sharply and without 
decomposition at 142°. This nitrate is explosive when suddenly 
heated. The a-iodide gives a green platinum salt with chloro- 
platinic acid. 


The a-Base. 

This is obtained from the a-iodide by the action of silver hvdr 
oxide. Thirty-six grams of silver nitrate and 10 grams of sodium 
hydroxide are each dissolved in 500 c.c. of water, and the boiling 
solutions mixed. The mixture is vigorously boiled until the silver 
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hydroxide becomes granular, when it is collected and washed with 
5 litres of boiling water. 

Twenty-four grams of the iodide are now ground in a mortar 
with the freshly prepared silver hydroxide, and sufficient water to 
make a thin paste. When the red crystals have completely dis- 
appeared, the reaction is completed, but it is preferable to allow 
half an hour to elapse, with occasional grinding, before filtering 
The reason of this is that a crystal of the iodide is very liable to 
become coated with silver iodide, thus impeding further action; 
hence thorough grinding is necessary. 

The silver iodide and mortar are now washed with boiling water, 
and the filtrate (150 200 c.c.), which is generally somewhat opal- 
escent, contains the a base. The quantities indicated in this pre- 
paration allow for an excess of silver hydroxide. 

This strongly alkaline solution behaves in a very similar maimer 
to the mineral bases, aud with silver nitrate gives silver hydroxide, 
probably according to the equation 

2AgN0 3 + TeM e,(OII) ; = 2AgOII + TeMe 2 (N0 3 ) 2 . 

With halogen acids, the a-haloid series results, and undoubtedly 
a great number of a-derivatives could be prepared with both 
mineral and organic acids. 

The standard method of preparing these a-salts is not by the 
action of the acid on the base, involving the preparation of the 
base from the iodide, but the direct interaction between the iodide 
Slid the silver salt of the acid, according to tire general equation 
Telle,!, -i 2 AgR = TeMe.R, a. o A gl . 

In this manner, the benzoate, which crystallises in white needles 
melting at 154°, and the yellow picrate, crystallising in fine plates, 
were prepared. 

The fi-Basc. 


lo prepare the /3-base. the a-base is evaporated at 100° under 
about 15 mm. pressure to complete dryness. The reaction can be 
closely followed by taking samples and testing with silver nitrate. 
The point at which the transition from the a- to the /3-base is 
just about to take place is reached when the violent ebullition 


ceases and an oily liquid remains in the evaporating flask. A 
sample of this oil, dissolved in water, still shows the presence of 
the a-base with silver nitrate. If, however, the evaporation is 
continued for a few minutes louger, this oil, which has momentarily 
remained perfectly quiescent, will suddenly begin to bubble 
violently, apparently giving off water, and a white, leaf-like, 
crystalline substance which adheres to the side of the evaporating 
"ask is obtained. This is the /3-base. Due to the sparing solu- 
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bility of silver hydroxide in water, the base is invariably more or 
less coloured, the shade varying from pale to dark brown. 

To obtain the colourless 0-base, it is only necessary to redissolve 
the discoloured preparation in water, filter, and evaporate again 
to dryness. This operation can be repeated if necessary. 

From 24 grams of the iodide, 6 — 7 grams of the base are usually 
obtained, this representing a yield of about 70 per cent, of the 
theoretical calculated from the equation 

TeMe 2 I 2 + 2 AgOH = TelM^O + 2 Agl + H 2 0. 

Owing to its extremely hygroscopic nature and the difficulty of 
thoroughly drying this base, a combustion gave but little inform- 
ation as to its constitution : 

0-3488 gave 0-1610 C0 2 and 01041 H,0. C = 12*58; H = 3*31. 

C 2 H 8 0 2 Te requires 0 = 12-54; H = 4-18. C 2 H 6 OTe requires 
C = 1S-83; H = 3 46 per cent. 

As will be observed, the value obtained for carbon would indicate 
a dimethyltelluronium dihydroxide, but that obtained for hydrogen 
approaches more nearly to dimethyltelluronium oxide. 

A certain amount of evidence tends to show that the 0-base is 
dimethyltelluronium oxide, namely, its molecular weight in water, 
and analysis of the silver salt obtained by treating the base with 
silver nitrate: 

0*5990 in 47*75 water gave —0-143°. M.W.=163. The 
hydroxide requires M.W,=192, and the oxide M.W. = 173.* 

Analysis of the extremely unstable silver salt gave: 

0*2814 gave 0-0403 C0. 2 and 0-0305 H,0. C-3 91; H = l*20, 

0-1952 „ 0-1088 AgCl. Ag = 41-95.f 

C-zHnOTe^AgNO-j requires C-4-66; H = T17; Ag-42 00 per cent. 

These figures would therefore point to the existence of a 
dimethyltelluronium oxide, giving additive products with metallic 
salts, such as silver nitrate, ferric chloride, etc. 

It would therefore not be surprising if similar additive com- 
pounds of the general type, TeMe 2 0,2HX. were formed with 
halogen acids, these constituting the 0-series. Analysis alone is 
sufficient to refute this hypothesis. 

Consideration of the analytical figures for the six haloids un- 
questionably shows that, whatever the constitution of the 0-base 
may be, a salt results when it is treated with halogen acids, which 
must correspond in percentage composition and molecular weight 

* Two other values were 175 and 183. 
f Other values for Ag were 41 '90 and 42*00. 
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ff ith the formula TeMejXj, and in consequence the j8-base must 
either have a similar constitution or at least a constitution that 
lends itself to the formation of such derivatives. 

This base also possesses alkaline properties, has a powerful odour, 
is very hygroscopic, and is readily soluble in both water and 

alcohol. 

With halogen acids, the /3-series results, and probably a great 
number of /3-salts, both of inorganic and organic acids, could be 
prepared. 

As previously remarked, the transition from the a- to the /3-base 
readily occurs, but all attempts to obtain the reverse reaction have 
completely failed. 

Prolonged boiling, as well as repeated evaporations to dryness, 
of an aqueous solution of the 0-base, etc., have not produced the 
slightest change. That the /3-form is the most stable of the two 
is unquestionably the case. 


The 0-Iodide ( 0-Dimelhylt elluroiiium Di-iodide). 

This iodide is prepared by the action of hydriodic acid on the 
(3-base. This, obtained as previously described from 24 grams of 
the a-iodide, is dissolved in about 100 c.c. of water, and the acid 
(D 1’5) is run into it from a burette, the solution being contained 
in a mortar. A few c.c. are run in at first, and a black, viscid, 
tarry mass is at once formed which, on trituration, becomes very 
brittle, and can be finely powdered. This operation is repeated 
until further addition of hydriodic acid (about 17 c.c. are required) 
no longer produces a precipitate. This fine, purple powder, which 
is very heavy, settles rapidly, and the clear, supernatant liquid can 
be poured off. The crude iodide is collected and kept in a vacuum 
desiccator over calcium chloride and sodium hydroxide. 

The dry salt is now dissolved in a minimum quantity of methyl 
alcohol, and the solution filtered through a hot funnel. The deep 
blood-red solution should immediately deposit crystals, and, when 
cold, these should be collected at once. The crystals can be re- 
crystallised from methyl alcohol. It also appears to be 
advantageous to add one or two drops of hydriodic acid to the 
solvent. A point to be noted is that it is useless to evaporate 
mother liquors containing the /3-iodide, as not only polymerisation, 
but partial decomposition, with precipitation of tellurium, takes 
place. 

The crystals of the /3-iodide vary somewhat in colour, being at 
bates nearly black and at others of an iridescent green. The yields 
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are necessarily low, on account of loss during crystallisation, bid 
4 or 5 grams can usually be obtained : 

0*8538 gave 0-1828 C0 2 and 0-1168 H 2 0. C=5‘84; H=l-52. 

0 3138 „ 0*3578 Agl. 1=61-62. 

0-4482 in 32-55 acetone gave 27 = 0’046° M.W.-509. 

C 2 n 6 I 2 Te requires C = 5-83; H = l*46; 1 = 6172 per cent. 

M.W. = 411* 

The a-Bromide (a-Dimetkyltelluronium Oibromide). 

The a-bromide can be prepared by the action of hydrobromic 
acid on the a-base. The solution of a base, prepared as described 
from 24 grams of the a-iodide, usually has a volume of between 
150 and 200 c.c., and should be evaporated to about 100 c.c. The 
acid (D 1*3) is now run in from a burette until no further pre- 
cipitation takes place. The crude bromide is collected and crystal- 
lised from ethyl or methyl alcohol. A pure salt is at once obtained, 
and, after thoroughly drying over calcium chloride and sodium 
hydroxide, the leaf-like crystals melt at 92°. Unless the pre- 
paration is entirely freed from acid by drying over sodium hydr- 
oxide, the melting point will invariably be low. 

A more direct method consists in dissolving the a iodide in 
aqueous ammonia, precipitating the iodine with an ammoniaeal 
solution of silver nitrate, and treating the dimethyltelluronium 
dinitrate with hydrobromic acid. 

This reaction is very complicated, but can be summarised by the 
equations ; 

(1) TeMeJ 2 + 2AgNO s = TeMe y (N0 3 ) 2 + 2 Agl, 

(2) TeMe,(N0 3 ) 2 + 2TTBr = TeMe,Br,“+ 2HNO a . 

Concentrated aqueous ammonia is run drop by drop from a 

burette on 15 grams of the a-iodide (an exothermic reaction) until 
the red salt is completely transformed into a pasty, greyish-white 
mass. This will need but a few c.c., and it is advisable to stir 
thoroughly during the reaction, as the greyish-white precipitate 
has a tendency to cake, thus preventing further action of the 
ammonia. This precipitate is now dissolved in about 200 c.c. of 
water with a drop or two of ammonia if any of the undecomposed 

* Another determination gave M.W. =707. These values are high, owing 
to polymerisation of the salt in the solvent. Experiment has shown that : 

( 1 ) the molecular weight increases regularly with the concentration, and 

(2) the molecular weight is higher in boiling acetone than it is in freezing 
nitrobenzene, for the same concentration. This polymerisation is more 
marked in the case of the /3 -iodide than it is with the 0 -bromide. The 
£ -chloride shows no sign of polymerisation and correct values are obtained. 



VERNON : ORGANIC DERIVATIVES OF TELLURIUM. PART I. 97 

iodide is observed. Fifty e.c. of an aqueous solution containing 
jo -4 grams of silver nitrate, with just sufficient ammonia to re- 
dissolve the precipitate of silver hydroxide, are now added, and 
the mixture is boiled and filtered. The filtrate is evaporated on a 
water-bath until the odour of ammonia has completely disappeared, 
diluted again to 200 c.c., and any silver iodide removed by 
filtration. 

A drop of hydrobromic acid is added to the boiling solution, and 
;{ a yellow, insoluble precipitate forms, this indicates an excess of 
silver nitrate. In this case, a further addition of acid is necessary. 
An}' silver bromide is now filtered off, and the solution evaporated 
to about 100 c.c. 

The cold filtrate is treated with acid (hydrochloric or hydro- 
bromic, according as to whether the a-chloride or tz-bromide is 
desired) until no further precipitation takes place. The crude salt 
can now be crystallised from ethyl or methyl alcohol. The yields 
are good, and about 5 or 6 grams are usually obtained after a 
second crystallisation from alcohol : 

0-7248 gave 0'2004 CO, and 0 X246 H„0. C = 7’54; H = 1'91. 

0-3350 „ 0'3956 AgBr. Br = 50'25. 

0-6512 in 31-42 acetone gave £ = 0 - 105°. M.W. = 335. 

Cyn c Br 3 Te requires C = 7*56; BUI 89; Br=50'39 per cent. 

M.W. = 317. 


The 8-Bromide (/ 1-Dimethi/ltelhironium Dibromide). 

The 5-base from 24 grams of. the o-iodide is diluted to about 
150 c.c,, and hydrobromic acid (D 13) is run in from a burette 
(25—35 e.c. of acid are generally required). 

So long as an excess of base is present, the white, gelatinous 
precipitate redissolves. On continued addition of acid, a somewhat 
granular, insoluble precipitate separates which, on further treat- 
ment, becomes bright orange and crystalline. This is the bromide, 
vMch can be recrystallised from ethyl alcohol, etc. 

In this preparation, mother liquors containing a little free acid 
can be evaporated on a water-bath and allowed to crystallise. 

A certain amount of tellurium, due to slight reduction, is liable 
to precipitate on treatment of the base with the acid, and this is 
especially the case when a too concentrated solution of the base is 
used. The crude bromide is therefore liable to be more or less" 
discoloured. 

It is also not advisable to have a marked excess of acid, as this 
ppears to react further with the 5-bromide, giving a brown, 
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additive compound. The yields are good, and 6 or 7 grama of the 
crude bromide can usually be obtained. 

The leaf-like crystals, or bright orange, crystalline powder, darken 
at about 135° and melt and decompose at about 142°. Repeated 
crystallisations of this bromide do not alter the melting point: 

0-6944 gave 01914 CO, and 0-1206 ILO. G = 7-52; H = H 3 . 

0-3564 „ 0-4218 AgBr. Br=50'36" 

0'3034 in 46‘61 nitrobenzene gave A*= — 0'123°. M.W. = 370. 
C 2 H 6 Br.,Te requires C = 7'56; H — 1-89; Br = 50'39 per cent. 

M.W. = 317.* 

The a-Chloride ( a-Dimethyllellvronium Bichloride) . 

This is prepared in exactly the same manner as the a-bromide 
both by the action of hydrochloric acid on the base or directly from 
the o-iodide. It is the most- stable of all the dimethyltelluronium 
dihaloids, does not appreciably polymerise, and can be crystallised 
from water, alcohol, etc. From concentrated solutions leaf-like 
crystals deposit, and from dilute aqueous solutions long needles, 
with the same melting point of 92°, are obtained : 

0-5693 gave 0-2196 CO, and 0 1340 H,0. C = 10-52; H = 2-62. 

0-3618 „ 0-4560 AgCl. 01 = 3117.' 

0'2224 in 19-38 acetone gave £’ = 0-085°. M.W. = 229. 
C,H, ; Cl,Te requires C = 10-50 ; 11 = 2-62; Cl = 31'05 per cent. 

M.W. = 228. 

The 5-Chloride (5-Dimetht/ltelluronium Dichloride). 

To prepare this chloride, the directions given for the preparation 
of the (3-bromide are followed. The precipitation of tellurium when 
hydrochloric acts on the base .is not quite so marked as with the 
/3-bromide, but the crude chloride is generally somewhat dis 
coloured. The leaf-like crystals melt sharply at 134°: 

0-3496 gave 0-1346 CO, and 0-0830 H„0. C=10’50; H = 2'64. 

0-2206 ., 0-2777 AgCl. 01 = 31-11.’ 

0-1648 in 1911 acetone gave £ = 0'065°. M.W. = 226.f 
C,H 0 Cl,Te requires C=10 50; H = 2-62; Cl = 31-05 per cent. 

M.W. = 228. 

University Chemical Laboratories, 

Cambridge. [Received, October 21s(, 1919.] 

* Other values obtained for the molecular weight were : 400, 445 (nitro- 
benzene), 430, 459, 525 (acetone). 

t Other values found were 230: 223 (acetone). 
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jq V . — The Action of Aqua Regia on Gold- 
Silver Alloys in the Presence, of Ammonium 
Salts. 

By William Branch Pollard. 

The most practical method of dissolving gold and its alloys is 
undoubtedly by means of aqua regia. 

With gold alloys containing upwards of 15 per cent, of silver, a 
coating of silver chloride forms on the surface of the metal and 
protects it from the further action of the acid. 

By rolling out these alloys until they are very thin, solution 
can often he effected, the coating on the metal never becoming 
sufficiently thick to stop the reaction; thicker pieces are only 
superficially attacked. 

With alloys which are very rich in silver, “rolling out” is not 
sufficient to effect solution, and a black coating forms and resists 
all further action of the acid. 

In order to study the matter further, the following alloys were 
prepared, the composition being stated in parts per thousand ; 


An. 

Ag- 

Cu. 

625 

375 

— 

500 

500 

- 

333 

667 

— 

250 

750 

— 

453 

277 

270 


The alloys were rolled out to about a tenth of a millimetre in 
thickness, and portions of them were used in the subsequent tests. 

It seemed probable that the best way to effect solution of these 
alloys would be to try and increase the solubility of the silver 
chloride in the liquid; of the various chlorides which are known 
to dissolve silver chloride, ammonium chloride appeared to he the 
most promising for this purpose. 

To test the point, a gram of each of the above-mentioned alloys 
was placed into a bottle, aqua regia (containing one part of con- 
centrated nitric acid and three parts of concentrated hydrochloric 
acid) added, and the bottle placed on a hot asbestos board. The 
action of the acid started almost immediately, but stopped very 
quickly, the surface of the metal being covered with a black coat- 
ing. Ammonium chloride was now added to the hot liquid as 
long as it was dissolved. In a very short time, the black coating 
on the metal had completely dissolved, leaving a bright, metallic 
surface in each case. The acid now began to attack the metal 
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again, and continued to do so until all had dissolved; no silver 
chloride separated, and a clear, yellow solution was obtained. On 
diluting the solutions with water, copious precipitates of perfectly 
white silver chloride separated. Even pure silver was found to bo 
soluble in a mixture of aqua regia and ammonium chloride, 
although the action was not very rapid and the volume of liquid 
required was large in comparison with the amount of metal dis- 
solved. It is to be noted that aqua f orris and sal-ammoniac were 
used by the alchemists for dissolving gold. It seems most prob- 
able that this mixture was used to dissolve native gold, which 
sometimes contains enough silver to prevent dissolution in aqua 
, regia alone. 

The chief objection to the use of aqua regia and ammonium 
chloride seemed to he that the action of the acid was very slow, 
and when much silver was present the volume of the solution 
became large. 

It was noticed that the alloy containing gold 453, silver 277. 
and copper 270 dissolved very easily in a mixture of aqua regia 
and ammonium nitrate, the silver chloride remaining insoluble. 

Alloys of gold and silver only did not dissolve so easily in this 
mixture, hut when ammonium chloride was added as well, a most 
marked improvement took place. 

For most allovs. a mixture of 5 grams of ammonium chloride, 
5 grams of ammonium nitrate, and 5 to 10 c.c. of aqua regia was 
found to give quite satisfactorv results. 

The amount of metal which can he dissolved depends on the 
amount of silver present. If silver chloride separates, this shows 
that enough ammonium chloride has not been added. If, on the 
other hand, the action becomes slow, more aqua regia may be 
required. 

With 5 grams of each salt and a to 10 c.c. of aqua regia, O'o 
to 1 gram of alloy could be dissolved easily and quickly, the total 
volume of the solution being quite small. 

Considerably more gas is evolved when gold dissolves in the 
presence of ammonium salts than when it is dissolved in aqua 
regia alone; on collecting Ihe gas, it appeared to consist prin 
cipally of nitrogen. The solution of the gold, therefore, does not 
take place in accordance with Priwoznik’s equation ( Oesterr . 
Zeittch. Berg.- u. Hiittenw., 1910, 58. 549), a secondary action 
occurring whereby the ammonium salts become oxidised with 
evolution of nitrogen. 

During the attack of gold-silver alloys by aqua regia in the 
presence of ammonium chloride and nitrate, it often happened 
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that purplish-brown crystals separated in the liquid. When water 
ff4S added, they disappeared, and nothing remained but silver 
chloride. A specially good yield of these crystals was obtained 
when 2 grams of an alloy of the composition Au 625, Ag 375 were 
treated with a mixture consisting of 10 grams of ammonium 
chloride, 3 grams of ammonium nitrate, 5 c.c. of concentrated 
nitric acid, and 15 c.c. of concentrated hydrochloric acid. The 
alloy, in the form of thin sheet, was heated gently in a beaker 
with the above mixture. When all the metal was dissolved, the 
bottom of the beaker was found to be covered with very small, 
purplish-brown crystals. They were instantly decomposed by 
water, with the formation of silver chloride and ehloroaurio acid, 
but were found to be fairly stable in concentrated hydrochloric 
acid. 

When prepared in this way, it was found difficult to prevent 
the crystals being contaminated with ammonium chloride. The 
following method was therefore devised. 

Preparation of the Salt.- — Twenty-five grams of gold were dis- 
solved ill 50 c.c. of nitric acid and 150 c.c. of hydrochloric acid, 
the liquid being then saturated with about 30- 35 grams of 
ammonium chloride. Three grams of silver nitrate dissolved in 
10 c.c. of water were then added, and a copious precipitate of silver 
chloride formed in the liquid. On adding a few crystals of 
ammonium chloride, the silver chloride began at once to change' 
into brown crystals. On heating Ihe liquid, the crystals were con- 
verted into silver chloride, and, oil cooling, again reappeared. 
This change could be repeated any number of times. 

The crystals were allowed to remain in contact with the mother 
liquor for two or three days to ensure all the silver chloride being 
converted into the brown salt. The mother liquor was then 
poured off, saturated with ammonium chloride, and a further 
amount of silver nitrate added to the solution. A second crop 
of crystals resulted, and these were heated and allowed to cool 
as before, The formation of the salt ill a hot solution gives rise 
to larger and better formed crystals than when the preparation is 
made in a cold solution. 

The process was then again repeated, four preparations in all 
being obtained before the gold became exhausted in the mother 
liquor. The crystals were freed from the mother liquor in a 
centrifuge, and afterwards dried at 100°. They were then placed 
in a Soxhlet thimble and extracted with ether (distilled from 
sodium) until no more gold was removed. They were afterwards 
heated at 155° in an air-oven for some time, and the remaining 
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traces of ammonium chloride sublimed away. A second ‘treat- 
ment with ether followed, after which the crystals were dried and 
analysed. 

Found: Ag = 15-58; Au=37'99; NH 4 =6'88; Cl = 39'44. 
3AgCl,4AuCl 3 ,8NH 4 Cl requires Ag = 15-62; Au = 38 06; 

NH 4 = 6'97; Cl = 39-35 per cent. 


Crystallographic Examination. 


The crystallographic examination was made by Miss I. E. 
Knaggs in the Mineralogical Laboratory of the University of 
Cambridge under the direction of Dr. A. Hutchinson, for whose 
help and assistance the author wishes to express his gratitude. 

Crystal System. — Orthorhombic. 

Class. — Holohedral . 

Axial Ratio. — a : 6 : c=0-5376 : 1 : 0-3210. 

Forms Observed. — -8(010), m(110), e(101). 


Angle. 

mR =(010): (110) 
mm"'=(110) : (110) 
me =(110): (101) 
ee' =(101): (101) 


No. of 
measure- 
ments. 

Limits. 

Mean 

observed. 

Calcu- 

lated. 

.... 4 

61*43'— 61°45' 

Gl°44' 

Gl°44' 

.... 7 

56°28'— 56°35' 

56°32' 



.... 5 

63°10'— 63°11' 

arm' 



.... 3 

61°39' — 61°45' 

61°42' 

61°41' 



Habit . — The crystals available for measurement consisted of 
minute prisms sometimes modified by the brachypinakoid (010), 
and terminated at either end by the macrodome (101). Some of 
the preparations consisted of larger crystals showing (110) and 
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(010) in 'approximately equal development. These had rough ends 
and were not suited for accurate measurement. 

Cleavage. — None observed. 

Optical Characters . — The crystals were very dark red by reflected 
light, and owing to their intense absorption it was difficult to 
make determinations of their optical characters. Some of the 
smallest and thinnest prisms when mounted so that light traversed 
them along the Y axis were found to be strongly pleochroic, 
absorption being almost complete for rays vibrating parallel to 
the axis of Z, whilst red light was transmitted fairly freely by 
vibrations parallel to the axis of X. When the crystal was rotated 
so that light traversed it along the X axis, strong absorption was 
observed of the ray vibrating parallel to 7 is well as of that 
vibrating parallel to Z. No characteristic interference figure could 
be observed in convergent light, nor was it possible to determine 
the refractive indices either by the prism methods or by total 
reflection. By the immersion method they were found to be high 
—greater than 1-74. 

GOVXBNMENT LABORATORY, 

Cairo. [ Received , October 17 th, 1919.] 


XV.— Intramolecular Rearrangement of the. Alkyl- 
arylamines: Formation of i-Amino-n-butylbenzeue. 

By Joseph Reilly and Wilfred John Hickinbottom. 

An important reaction of many of the A'-substitution products of 
the arylamines is their rearrangement to C-substitution compounds. 
This change occurs with the majority of the common substituent 
groups, such as halogen, nitro-, nitroso-, sulphonyl, and alkyl. The 
intramolecular change of the chloroarylamines may be explained in 
terms of the variable valency of the nitrogen atom (compare 
Blanksma, liec. trav. chim., 1903, 22, 290; Orton and Jones, Rep, 
Brit. Assoc., 1910). The formation of p-chloroacetanilide from 
.1 -chloroacetanilide is accompanied by the formation of an additive 
compound (compare Armstrong, T., 1900, 77, 1051). The presence 
01 a catalyst is necessary in many molecular changes involving the 
migration of a nitroso- or nitro-group, as in the production of 
p-nitrosoalkylanilines from nitrosoamines and of nitroanilines from 
nitroamines. Whilst the bromo- and chloro- aniline derivatives have 
ecu thoroughly investigated, as well as the nitroso- and sulphonyl 
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substituted alkylanilines, the intramolecular change of the alkyl, 
arylamines has not been dealt with in such detail. 

The earlier work in the production of aminoalkylbenzenes showed 
that they could be formed either by heating (a) aniline hydro, 
chloride and the alcohol, or ( b ) the alkylaniline hydrochloride at 
temperatures above 300° (compare Hofmann, Btr., 1872 , 5 , 729) 
Since methylaniline hydrochloride on heating in a current of hydro- 
gen chloride yields methyl chloride, it has been generally assumed 
that a somewhat similar reaction would occur in an autoclave or 
sealed tube on heating the alkylaniline hydrochloride. 

On heating n-butylaniline hydrochloride in a sealed tube, amino, 
n-butylbenzene was the main product. In addition, ammonia 
aniline, and 4 -butylamino-j/ butylbenzene were formed, together 
with smaller amounts of more highly butylated products. There 
was also obtained a portion soluble in concentrated hydrochloric 
acid, and precipitated on dilution, which probably contained di- 
phenylamine derivatives. In addition to the hydrochloride the 
alkylaniline zincichloride and certain other compounds with metallic 
salts also undergo this transformation on heating. The chief 
product resulting from the intramolecular rearrangement of fz-butvl- 
auiline is, however, 4-amiuo-n-butylbenzene. To explain the forma- 
tion of this compound from n-butylaniline it might be supposed 
that the latter decomposes partly to aniline and »-butyl chloride or 
butylene; cither of the last two might then be supposed to react 
with aniline. The production of »-butyl chloride is probably 
excluded in the case where zinc chloride replaces the hydrochloric 
acid. By heating n-butylaniline hydrochloride in a sealed tube or 
in an open flask, a small amount of a gas is obtained, which 
resembles butylene in being unsaturated, it appears possible that 
butylene may result as au intermediate product in the change. By 
heating n-butylaniline hydrochloride under atmospheric pressure a 
certain amount of 4 aminobutylbenzene is produced. If butylene 
is formed as an intermediate product, some sec. -butylbenzene 
should be obtained. An examination of the end-products shows 
that amino-sec. -butyl benzene is present, generally, at the most, 
only in traces. 

The orientation of aminobutylbenzene (I), obtained by the intra- 
molecular rearrangement of »-butylaniline, was determined by con- 
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verting the purified amino-derivative into bromobutylbenzene (II), 
which., on oxidation with chromic acid, gave p-bromobenzoic acid 

(HI). 

It cannot be assumed with certainty that n-butyl alcohol and 
aniline zincichioride will yield a compound containing a n-bubyl 
group- An examination of the literature shows that a rearrange- 
rae nt of the alkyl group often occurs when it is introduced into the 
benzene ring. The rearrangement of the w-butyl chloride and 
isobutyl chloride in the formation of butylbenzenes by the Triedel 
and Crafts reaction is well established. The rearrangement of alkyl 
groups in the formation of aminoalkylbenzenes also appears to take 
place- Effront (Ber., 1884, 17 , 2324), by the action of isobutyl 
alcohol on o-toluidine hydrochloride, obtained S-tfert.-butyl-o-tolu- 
idine, which by the diazo-reaction yielded a phenol identical with 
fchafc obtained by heating tert.-butyl chloride, o-cresol, and zinc 
-hloride (compare Baur, Her., 1894, 27 , 1615). It is also probable 
hat by the action of isobutyl alcohol on aniline hydrochloride 
^mino-teri.-butylbenzene is obtained. The recorded physical con- 
tants of the derivatives of 4-aminofsobutylbenzene and 4 -amino- 
erf.-butylbcnzene are practically identical, and doubt must be 
;bown on their existence as two compounds (compare Studer, 
fanakn, 1882, 211 , 234; Senkowski, Ber., 1890, 23 , 2412; Mal- 
herbe, Ber., 1919, 52 , [if], 319). 

It became necessary, therefore, to determine the configuration of 
the butyl group of the primary amine from n-butyl alcohol and 
aniline. By heating aniline zincichioride with sec.-butyl alcohol an 
amine was obtained, boiling at 240°, or 20° lower than that 
obtained from the norma! alcohol, and yielding a different series 
of derivatives. As there was only a small quantity of this amine 
available it was not possible to determine the orientation of the 
butyl groups. Any doubt that the primary amine from w-butyl 
alcohol boiling at 258° was not a normal derivative was removed by 
preparing from it the other two monoamino-compounds. A com- 
parison of the derivatives of the amines thus prepared shows that 
the amine from fee. -butyl alcohol differs from the one from n-butyl 
alcohol in the configuration of the butyl group. 

By the nitration of 4 -acetyhimino-w-butylbenzcnc, followed by 
hydrolysis. Z-witroA-amino-w-butylbenzene (IV) was obtained as a 
red solid of low melting point. The orientation of the nitro-group 
*'as determined by converting the compound into a diamine, which 
ttfldensed with benzil to yield 2 iS-dipheni/I-G-n-buti/lquinQ, inline 
(X\]JI). On eliminating the amino-group from 3-mtro-4-anrino- 
butylbenzene, 3-nitro-n-butylbnnenc (V) was obtained as a pale 
yellow oil boiling at 275—277°. ’ 

?0l. CXVII. F 
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Nitration of 4 -ammo-n-butylbenzene in the presence of sulphuric 
acid gave 2 -nit ro-4-amino-n-bul'/Uiciizene (VII), melting at 5« 
which by the diazo-reaction yielded ‘2-mtro-n-bntylbcnzene (VIII), a 
yellow oil distilling with some decomposition. Reduction of 2-nitro- 
and 3 -nitro-n-butylbenzenes gave primary amines, the derivatives 
of which are distinct from those obtained from the primary amine 
boiling at 240° from sec.-butyl alcohol. It must be concluded, 
therefore, that in the intramolecular transformation of «-butyl- 
aniline 4 -amino-n-butylbcnzene is obtained. 

The following table shows clearly the diflerence between the 


amines obtained : 


2- Amino-n-butylbenzene 

3- Amino-n-butylbenzene 

4- Amino-?i-butylbenzene 

4- Amino-sec. -butylbenzene ... 


Acetyl compound, 
in. p. 

100 ° 

Not obtained 
crystallino. 
105 ° 


126 ° 


Benzoyl compound, 
m. p. 

68 ° 

126 ° 


Although » -butyl alcohol reacts with aniline zincichloride to yield 
4-amino-«-butylbenzene, it gives with phenol, in the presence ol 
zinc chloride, hydroxy-sec. -butylbenzene. The constitution of the 
latter compound was shown by its identity with the hydroxy- ern 
ative obtained from 4 -amino-sec.-butylbenzenc (XI) by the ai 
of the diazo-reaction. 
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It has been shown by Mailhe and Godon (Comvt rend iqi« 
J66, 467) that methylaniline and methyltoluidiae are stable at 
moderately high temperatures, as they may be produced by passing 
a mixture of methyl alcohol and the primary arylamine oTr ! 
suitable catalyst heated to 400*. No intramolecular rearrangement 
i3 observed when methyl, or ethyl-aniline is passed over Lted 
mckel; instead, a decomposition into aniline and methane nr 
ethylene occurs (Sabatier and Gaudion, Com*, rend., 1917 65 

303). It has been found that „-butylaniline may he heated for 
levsral hours at 240-260° without the production of any afllill0 
butylbenzene. Furthermore, the addition of substances which 
Show no tendency 0 combine with bntylaniline, such a S calci m 
sulphate, sodium chloride, or silica, does not bring about any mZ" 
o the alky group to the nucleus. The formation of Lit 
, utylbcnzene roa ^butylaniline has been observed to take place 
only when a substance is added which combines with butvkn 
Substances such as hydrochloric acid, zinc chloride, cobalt chloride 
and cadmium chloride have been chiehy employed, and with a i 
t « salts the additive compounds have been isolated. It appear! 
that for intramolecular rearrangement of the alkylsrylamines to 
oscur, the presence of a substance which is capable of uniting with 
the ammo-group is necessary. » 

The rearrangement of «-bulylaniline cannot be satisfactorily 
explained by assuming the intermediate formation of either bu!yl 
chloride or butylene. Orton ( toe . c ,t.) has suggested that amino 
i T m th “ -' substituted derivatives are capable of e X ”Z 
as dynamic isomendes It is possible that the transference of thf 
dkyl group to the nucleus might occur during one of these phases 
lo attempt to explain the intramolecular rearrangement of alkyl- 
arykimiies, the alkyl groups attached to the aminic nitrogen are 
s ited tentatively to exist in a state of oscillation, following a 
)dem of vibration which is definite as long as the external cofdi 
;ts remain constant. The calling into play of the residual valency 
« itrogen atom will have the eflect of introducing more ‘roups 
'h«aW? r ° Sen at ° m ' Wi ‘ h lhe result that 3 rearrangement of 

tSL 1 UPS T y 0C r The di “g effect will depend on 
don pj h [j ^ Space occu P Ied b ? each group, its vibra- 

ittacLd to the nit, ^ P ° nT °‘ ^ g ‘'° Up ' The gr0Ups alread y 
>f annfTi ltro S en wll have the effect of hindering the entrv 

"' ith »“upied i S 

* Zdl Z °v f SplaCeCl fa;t!ler f ™,n ‘he nitrogen . 

* 1 tendenwfor he ^ PI<XlUCed by tllem - “ d ^ 
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Experiments were carried out in order to measure the relative 
ease with which differing alkyl groups were expelled from the alkv]. 
anilines. The earlier measurements were made by heating the 
monomethyl- and monobutyl-anilines separately in sealed tubes 
under similar conditions, so far as possible, with various substances 
The results indicate that n-butylaniline undergoes intramolecular 
change the more readily, but the method is open to several objec- 
tions. It was impossible to ensure absolutely identical conditions 
for each substance, such as the same temperature and pressure 
inside each tube. It is also likely that in the formation of the 
additive compounds of the alkylanilines, steric effects may have an 
influence, so that the rearrangement caused in the molecule may be 
counterbalanced to some extent by the steric hindrance due to the 
alkyl group. To overcome these probable sources of error the intra- 
molecular rearrangement of dissimilarly substituted tertiary alkvl- 
anilines has been investigated. Methyl-n-butylaniline (XIII) ^as 
heated in a sealed tube in the presence of hydrogen chloride, zinc 
chloride, or cobalt chloride. The products of the rearrangement 
should then indicate whether the larger alkyl groups are the more 
readily removed. Thus methyl-w-butylaniline should yield as a first 
step methylaminobutylbeiizene (XVI) or butyltoluidine (XIV), 
according to whether the butyl or the methyl group is the more 
mobile. 



(XVI.} (XVIT.) 
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The constitution of the product was determined by dissolving the 
mixture of amines in dilute hydrochloric acid and adding in slight 
excess a solution of sodium nitrite. The secondary amines were 
removed as nitrosoamines. which could be converted into solid 
nitro-derivatives. Any diazonium salt in the solution was con- 
verted into the corresponding azo-^-naphthol derivative, which 
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would serve to identify the primary amine originally present. An 
examination of the products of nitration of the secondary amines 
resulting from the intramolecular rearrangement of methyl-n-butyl- 
anilinn indicated that a mixture was present, from which 3 : 5-di- 

nitro-u-butyhp toluidine and 2:4: 6-trinitropheuylmethylnitroamine 
isolated in small quantities. It has not yet been possible to 
determine the complete composition of the mixture. 

The mo-fi-naphthal compounds were reduced, yielding the original 
primary amines present after intramolecular change had taken 
place. Analytical results showed that these amines were amino- 
niethylbntylbenzenes, although in one case p-toIueneazo-jB-naphtliol 
«s isolated m small amount by recrystallisation of the azo-/3-naph- 
thols. It appears, therefore, that in the reaction both the methyl 
and butyl groups have undergone intramolecular rearrangement 
and lintil a method has been elaborated for determining the 
composition of the products it is not possible to determine 
accurately the relative ease with which the different alkyl groups 
are removed. 1 

The elimination of alkyl groups of alkylaiiilincs on heating in a 
current of hydrogen chloride was also investigated. The secondary 
amines present in the mixture were isolated as nitrosoamines and 
these were nitrated in glacial acetic acid by means of fuming nitric 
acid and converted into the corresponding trinitroplienylalkylnitro- 
amines. It was found that methyl-, ,-butvlaniline Yielded a mixture 
of secondary amines, and 2 : 4 : 6-trinit rophenylmethylnitroamine 
was isolated from the mixture of nitroamines. The melting point 
of the nitration product was lower than either that of trinitro- 
itaiylinethylnitroamine or tile corresponding butyl derivative and 
was probably a mixture containing these two compounds 
In experiments on the elimination of alkyl groups from dissimi- 
larly substituted alkylarylamines it is essential to use a pure tertiary 
™ ne ’ ™ mixed with an y secondary amine. The methyl-, ,-butyi- 
amliiie employed was purilled by fractionation, followed by heating 
it 'nth phenylcarbimide. The boiling point of the amine obtained 
ill this way differed considerably from that recorded by Komatsu 

, • 10 " ,s "; nnd , E "'J- K*°fo Imp. I nit'., 1912, 3, 371) who 

a no prepared this amine. He records the boiling point as 225—230° 

™ states that it yields a picrate melting at 143°. Methyi-n-butyl- 
ime, punned in the manner indicated above, boils at 242'5° and 

“ t eltlng at 90 °' The melti "S l ,oin fc °f the picrate 
brought into agreement with those of other tertiary butyl- 

1;;“^ S “ e ° f the a ' kyI S ro "P in alkylbutylanilines the 
g p0mt of tIle picrate is raised. The following table shows 
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the effect of displacing the methyl group in methylbutylanili ne 1,,. 
larger groups. 

Methyl-n-butylaniline boils at 242'5°. The picrate melts at 90- 
Ethvl-H-butvlaniline ,, 248°. ,, ,, ,, 100°. 

Di-n-butylaniline ,, 260 — 263°. „ „ ,, 125=. 

The nitration of tertiary alkylanilines was also studied. On 
nitrating methylbutylaniline under vigorous conditions, the princi- 
pal product is 2 :4 :G-trinitrophenylmethylnitroamine, showing that 
the larger group has been eliminated. Meldola and Hollely /p 
1915, 107 , 610) have found that in the nitration of acetvlated 
us-dialkylphenylenediamines a similar action occurs, the larger 
groups being removed in the nitration, in preference to the smaller 
groups. 

On nitrating elhyl-Ji-lratylaniline hotli trinitrophenylethylnitro- 
amine and trinitrophenyl-n-butylnitroamine are produced. The 
difference in (lie relative proportions of the two products of tie 
nitration appears to he less than in the case of methyl-nhutvl- 
aniline. 

Trinitrophenyhnethylnitroaininc is also obtained on nitrating 
dimethylaniline under vigorous conditions. Toward the end of tie 
operation there is the usual vigorous effervescence due to the elimina- 
tion of the methyl group as carbon dioxide. In nitrating di-«- 
butvlaniline under similar conditions there is practically no effer- 
vescence, and from the mixture after nitration a volatile fait)' add 
was isolated, which was identified as n-butvric acid by means of ih 
distillation constant. 


Experimental. 

The Amino-thrirntinr. nj n-TUityllen:ene : 4-.-I mhw-n-butitl 

lenient. 

In the preparation of 4-amino-H-butylbcnzene, h - butyl alcohol to 
allowed to react with aniline in the presence of a suitable conden- 
sing a<*ent, such as zinc chloride. Approximately molecular quanti- 
ties of aniline and dry n-luityl alcohol were mixed with fused zinc 
chloride (0’5 mol.), and the mixture was heated in an electrically 
wound autoclave for twenty four hours at 230 — 240°. The product 
was washed first with water to remove uneombined zinc chloride and 
finally with ether or light petroleum (b. p. 80--100 0 ). In this to 
secondary amines and other by-products were, removed, leaunf 
behind the zincichlorides of the primary amines, from which * 
mixture of these amino compounds was obtained by treatment wit' 
warm concentrated sodium hydroxide solution. Fractionation (it 
the mixture of liases yielded -1-amino n liutylhenzene. by osin 5 
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amounts of zinc chloride less than the molecular proportion — even 
as low as one-seventh of the amount quoted above — 4-amino-w- butyl- 
!>?-', zene was still produced, but the yield was not so good. 

The hydrochloride is precipitated oil adding an excess of concen- 
trated hydrochloric acid to an aqueous suspension of the base. It 
is readily soluble in water or alcohol, but only sparingly so in an 
excess of hydrochloric acid : 

01063 gave 6'9 c.c. N 2 at 21° and 751 mm. N = 7'5.* 

0-1420 „ 0-1093 AgCl. Cl=19 0. 

C,„H, 6 N,HC1 requires N = 7'5; Cl-ri91 per cent. 

The hydrobromide crystallises from aqueous solution containing 
free hydrobromio acid in large, white plates. It is readily soluble 
in water or alcohol : 

0-0785 gave 0-0654. AgBr. Br = 34-6. 

C 10 Hi 5 N,HBr requires Kr=34'7 per cent. 

The sulphate crystallises from moist ether in a felted mass of 
white crystals. It is sparingly soluble in water : 

0‘1002gave6-l c.c. N, at 20° and 737 mm. N = 6-9. 

0-3502 „ 0-2058 BaS0 4 . H,S0 4 = 24'7. 

(C 10 H, 3 N) s .H,8O 4 requires N = 7-l; H.,S0 4 = 24'7 per cent 

From warm alcohol it separated as a mass of colourless crystals 
which under the microscope had the appearance of interlaced laths. 

The platinirhloride is a pale brownish-yellow powder, sparingly 
soluble in water, and more readily so in alcohol. It crystallises from 
absolute methyl alcohol in small needles melting and decomposing 
at 200—202° : 

0 1203 gave 0 0330 Pt. Pt = 27 4. 

(C M Hjr,N),,ILPtCl fl requires Pt=27'C per cent. 

The ncetyl derivative, obtained from 4-anuno-n-butylbenzcne by 
the action of acetic anhydride, crystallises from alcohol in white 
plates melting at 105°: 

0-1426 gave 8 8 c.c. N, at 17° and 755 mm. N = 7'3. 

C].,H ]7 ON requires N = 7'3 per cent. 

The brn-oyl derivative, obtained by the Schotten-Baumann reac- 
tion, crystallises from alcohol in bulky groups of fine needles melting 

at 126°: ' B 

0-1015 gave 4 65 c.c. N, at 17° and 748 mm. N-5'3. 

C ]; H 19 ON requires K = 5T> per cent, 

* In the nitrogen estimations recorded in this paper, the gas was measured 
rser 40 per rent, potassium -hydroxide solution, and the pressure has been 
corrected for vapotlr tension. 
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a-Phenyl-^A-iirbutylpltenylcarbamidc, C 4 H g *C c H 4 , NH’CO*NHPh, 

4-Amino-n-butylbenzene was treated with a solution of one mole- 
cular proportion of phenylcarbimide dissolved in light petroleum 
(b. p. 6t) — 80°), and after remaining at the ordinary temperature 
for two or three hours the precipitate was collected, washed several, 
times with small quantities of light petroleum, and dried : 

0’1002 gave 0*2790 CO. ? and 0*0678 HoO. C = 75*9; II = 7*5, 

0*1012 ,, 9*1 c.c. No at 20° and 757 mm. N=10*5. 

C 17 H 20 ON 2 requires C = 76*l; H = 7*5; N = 10*4 per cent. 

It crystallises from aqueous alcohol in bulky masses of small, 
white needles melting at 160°. It is soluble in ether, acetone, 
ethyl acetate, or glacial acetic acid, hut sparingly so in water or 
light petroleum. 

i-Bromo-n-butylbenzene. 

The orientation of the butyl group was determined by converting 
the amino-rc-butylbenzene into a derivative that could yield a sub- 
stituted benzoic acid by oxidation. For this purpose the amino- 
group was displaced by bromine by the Sandmeyer reaction. 
4-Amino-n-butvlbenzene was dissolved in three molecular propor- 
tions of hydrobromic acid and diazotised by the addition of sodium 
nitrite solution. On adding a solution of cuprous bromide in hydro- 
bromic acid, followed by distillation in a current of steam, 4 -bromo- 
n-butylbenzene was obtained as a pale yellow oil of pleasant, ethereal 
odour, denser than water, and boiling at 242 243°/ 755 mm. : 

0*0853 gave 0*1762 COo and 0 0160 HoO. C = 56*4; H = 60. 

C )0 H 13 Br requires 0 — 56*3 ; 11 — 6*1 per cent. 

That the bromo- and alkyl groups are in the para-position follows 
from the production of n-bromobenzoic acid by oxidation. Half a 
gram was heated in a sealed tube with 12 c.c. of a 6 per cent, solu- 
tion of chromic acid for seven hours at 150 — 200°. There was 
practically no pressure on opening the tube, which contained a 
green, amorphous mass together with tarry matter and some white, 
glistening, needle-shaped crystals. The contents of the tube were 
rendered alkaline, and after removing the suspended matter, a grey 
solid was precipitated on adding dilute sulphuric acid. It was puri- 
fied by dissolving in sodium carbonate solution, and any traces of 
volatile bromo-compounds were removed by means of a current of 
steam. The addition of dilute hydrochloric acid precipitated a 
white solid which crystallised from ether in small needles melting 
at 250°. This melting point is almost identical with that recorded 
for p-bromobenzoic acid (251°), and is considerably higher than 
those of the other two monobromobenzoic acids. 
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DiazoaminoA-n-butylhenzene. 

Xhe base (1 mol.) was dissolved in glacial acetic acid (3 mols.) 
a nd the solution diluted. On adding sodium nitrite solution, a 
yellow, semi-solid mass separated which quickly became hard. The 
dht :oami wo-4-n- bn tylb enzene was collected and, after washing 
several times with water to remove any traces of nitrous acid, 
crystallised from light petroleum, from which it separated in masses 
of slender, sulphur-yellow needles melting at 75°: 

0-0743 gave 9‘0 c.c. N 2 at 24° and 742*5 mm. N = 13’7. 

C^HgyNg requires N = 13*6 per cent. 

When exposed to the light it darkened slowly. 

i-n-Butylbenzeneazo-&-naphthol. 

A solution of the hydrochloride of the base was diazotised and, 
after removing the excess of nitrous acid by means of carbamide, it 
was poured into an alkaline solution of /8-naphthol. The red azo- 
compound crystallised from hot alcohol in bright red bunches of 
slender needles melting at 80° : 

0*1088 gave 9*8 c.c. N 2 at 15*3° and 741 mm. N = 9'4. 

C, 0 H 20 ON 2 requires N = 9'2 per cent. 

4-n -Bvtylbenteneazo-ft-naphthol is insoluble in a 30 per cent, 
solution of potassium hydroxide. It dissolves in concentrated sul- 
phuric acid with the production of a brilliant purple colour, which 
gives place to a faint brown coloration on dilution. 

k-n-Butylbenzeneazvplunyl-fi-naphthylamine. 

This derivative was prepared by adding a diazotised solution of 
4-amino-w-butylbenzene, freed from excess of nitrous acid, to one 
molecular proportion of phenyl-jS-naphthylamine dissolved in acetic 
acid. An excess of sodium acetate was then added, and the red 
product was allowed to remain at the ordinary temperature for two 
to three hours, with occasional stirring. Water was added to com- 
plete the precipitation of the azo-compound, which was collected 
and purified after being washed with warm water : 

01080 gave 10 2 c.c. N 2 at 17° and 750 mm. N — 11*1. 

C 26 H., 5 N S requires N — Il’l per cent. 

It is readily soluble in chloroform, benzene, or ether. In the 
presence of a small amount of ether the azo-compound dissolves in 
concentrated hydrochloric acid to yield an intense purplish-blue 
solution. After some time the colour disappears with the produc- 
tion of a dark precipitate which becomes red after keeping for a 

F* 
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further period. Concentrated sulphuric acid dissolves it with the 
production of an intense dark blue coloration, becoming red on 
dilution. 


4-n -Butylbenzeneazobenzoylacetone. 

A diazotised solution of 4-amino-rc-butylbenzene (1 mol.), freed 
from nitrous acid by means of carbamide, was added to an alcoholic 
solution of benzoylacetone (1 mol.). The addition of sodium acetate 
produced a bright yellow turbidity, from which a dark-coloured oil 
separated. On keeping overnight in the ice-chest the oil solidified 
to a mass of dark yellow crystals which were collected, dried on a 
porous plate, and recrvstallised. The compound separated from 
ether in stellate groups of yellow crystals melting at 97 — 100°: 

0*1588 gave 12*2 c.c. N 2 at 18° and 747 mm. N = 8*9. 

C^HyjOoNo requires N = 8'7 per cent. 

The substance is soluble in alcohol or ether, and dissolves in sul- 
phuric acid with the production of a brown colour, giving place 
to a yellow opalescence on dilution. Sulphuric acid containing a 
small amount of dissolved chromic acid also produces a similar 
coloration. 


i-n-Butylbenzen tazo-'l : 7 -dihydrory naphthalene. 

This compound was obtained as a dark red powder on adding a 
solution of the diazotised amine to an alcoholic solution of 2 : 7-di- 
hydroxynaphthalene in the presence of an excess of sodium acetaie. 
It was purified by washing with a dilute aqueous solution of sodium 
hydroxide, followed by extraction with chloroform. It crystallised 
from hot glacial acetic acid in small, bronze-coloured crystals melt- 
ing at 200—201° : 

0*1588 gave 12*2 c.c. N* at 18° and 747 mm. N -8 9. 

CoQlIooOjNa requires N = 8*7 per cent. 


i-Hydrory-Ti-butylbenzettz. 

4-Amino-n-butylbenzene (9 grams) was added to an aqueous solu- 
tion containing sulphuric acid in excess (five molecular proportions), 
and, after cooling, diazotised by the addition of sodium nitrite. 
The mixture was stirred continuously, when the suspended sulphate 
gradually passed into solution. The solution was filtered to remove 
any unchanged sulphate, treated with a large excess of concentrated 
sulphuric acid, and subsequently distilled ill a current of steam. 
4-Hydroj.y-n-butylbenzeiie passed over as a pale yellow oil, and was 
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obtained pure by distillation. It is an almost colourless oil, possess- 
ing a faint phenolic odour, and boiling at 248°/765 jniu. : 

0 0818 gave 0'2387 C0 2 and 0 0686 11,0. C=79'6; H = 9'3. 
C 10 Hi 4 O requires C=79'95; H = 9'4 per cent. 


4-n -Bntyl’phenyl PhenyUarbamate, CM I t' ( . 1 1 .-(M.'O'X 1 IPb. 

4 -Hydroxy-n-butylbenzene was heated on the water-bath with 
slightly more than one molecular proportion of phenylcarbimide. 
On cooling, the solid mass was passed on a porous tile and crystal- 
lised from alcohol, from which it separated in white needles melting 

at 115°: 

0'1059 gave 4’7 c.c. N, at 20° and 744 mm. N— 3'0. 

C j 7 H) 9 0 2 N requires N = 52 per cent. 


2-Jitro-i-arniiioii-bulylbemenc.* 

4-Amino-n-butylbenzene was dissolved in two hundred times its 
weight of concentrated sulphuric acid and, after cooling to -5°, 
the calculated amount cf nitric acid (1 mol.), dissolved in three 
times its weight of sulphuric acid, was added gradually. During 
the addition of the acid the mixture was continually stirred, and 
the temperature not allowed to rise above 5°. After eighteen hours 
the mixture was poured into ice-water, when a sparingly soluble 
sulphate was precipitated, which was collected and decomposed by 
the addition of aqueous ammonia. In this way a brown, crystal- 
line solid was obtained consisting of 2-nitro-i-amina-n-hiitijlbc.nzenr,. 
A further quantity was isolated by treating the acid filtrate with 
aqueous ammonia and extracting the solution with ether. It was 
obtained pure by dissolving it in aqueous methyl alcohol, and pre- 
cipitating with water, followed by recrystallisation from warm 
light petroleum (b. p. 80—100°). It forms golden-yellow scales, 
readily soluble in ether and melting at 52° : 

0 0739 gave 9 .3 c.c. N, at 17’5° and 735 nun. N = 14‘5. 

CjdlljjOjN, requires K = 14'4 per cent. 

No evidence was obtained of the existence of the other isomeride. 

The hi/tlroc/iloritle. was obtained as a white precipitate by adding 
hydrochloric acid to an ethereal solution of the base and evaporat- 

* The nitration of n-bulyl-p-toluidine has been previously described as 
yielding 2-nitro-n-butyI-p-toluidino as a red oil (T., 1918, 113, 9S8). On 
keeping over the winter it solidified to a mass of bright red crystals melting 
et 18 19°. By converting fhc substanco into its hydrochloride, crystallising 
from alcohol, and decomposing with aqueous ammonia, 2-nitro-n butyl-p- 
toluidiue was obtained in large, rectangular, red plates which melted at 19°. 

F* 2 
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ing the ether. It crystallises from warm absolute methyl alcohol in 
masses of slender, colourless needles. On heating, the colour 
changes to yellow. A specimen melted at 190 — 195° after immer- 
sion in the bath at 150°, a rapid darkening in colour taking place 
at 185—190°: 

01017 gave 0 0638 AgCl. Cl = 15 5. 

C] 0 H u O 2 N 2 ,HC1 requires Cl = 15'4 per cent. 

The sulphate is sparingly soluble in dilute sulphuric acid. It 
crystallises from warm alcohol containing some sulphuric acid in 
small, white plates which are hydrolysed by water : 

0'0811 gave 6'35 c.c. N 2 at 13’2° and 761 mm. N = 9'4. 

CjjH^OjNjjIIoSOj requires N = 9'6 per cent, 

%.\itro-n-butylbenzcne. 

2-Nitro-4-aininobutylbenzene (2'5 grams) was diazotised in 
aqueous alcoholic solution in the presence of sulphuric acid, a small 
amount of insoluble matter was removed, and the diazo-group was 
eliminated by heating with an excess of alcohol, when 2-nitro-n- 
butylbenzene was obtained. It is a pale yellow oil possessing a 
characteristically pleasant odour. It is readily volatile in steam, 
and apparently so in alcohol vapour, for on removing the alcohol 
by distillation after eliminating the diazo-group, appreciable 
amounts of the mtro-compound were obtained in the alcoholic 
distillate. 

It distils with, some decomposition at about 260° under the 
ordinary pressure : 

0'0814 gave 5'4 c.c. X., at 20° and 746 mm. N = 7’6. 

CjuHj.OjN requires X=7 8 per cent. 

2- .4 m in o-n-b utylhemene. 

Reduction of the nitro compound was effected by means of zinc 
dust or tin foil and hydrochloric acid. The amine was isolated by 
extraction with ether after rendering the acid liquid alkaline, 
2-Amino-n-butyIbenzene is a yellow oil, possessing a rather un- 
pleasant odour recalling that of aniline: 

0’0746 gave 5’9 c.c, X 2 16 3 and 750 mm. N = 9'3. 

C] 0 H 15 X requires X = 9'4 per cent. 

The acetyl derivative crystallises from warm aqueous methyl 
alcohol in masses of small, white needles melting at 100°: 

0'0819 gave 5'5 c.c. X 2 at 20'5° and 749 mm. N = 7'7. 

0,,H I7 OX requires N = 7'3 per cent. 

The melting point of this compound is very close to that of 
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4 -acetylamino-tt-butylbenzene. It was shown to be distinct from 
that substance, for a mixture of these acetyl derivatives commenced 
to melt at 75° and had completely melted at 85°. 

3-Nitro-l-amino-Ti-butglbenzene. 

The most convenient method of obtaining this compound in a 
pure state was to nitrate 4-acetylamino-u-butylbenzene by means of 
fuming nitric acid, afterwards eliminating the acetyl group. 

3'T itro-i-acetyJainino - n - butylbenzene . — The acetyl compound 
(2 grams) was dissolved in 20 c.c. of glacial acetic acid, the solution 
cooled to —5°, and 15 grams of nitric acid (D 1*5) were added 
slowly, so that the temperature did not, rise above 5°. After an 
hour the mixture was poured into ice-water, and the yellow precipi- 
tate collected. The nitro-compound is soluble in most of the common 
organic solvents except light petroleum, and crystallises very readily 
from hot alcohol in slender, canary-yellow needles melting at 76°: 
0*0649 gave 6*8 c.c. N 2 at 20° and 746*6 mm. N = 12'0. 

C^IIiAN, requires N=11'9 per cent. 

Titration with Titanous Chloride.— 0*01522 required 16*6 c.c. 
TiCljj (1 c.c. -0*001297 gram Fe). Calc, as CiJI jc 0 3 N 3 *= 100-4 per 
cent. 

On triturating it in a mortar with a 50 per cent, solution of 
potassium hydroxide the colour changed from pale yellow to deep 
brown. After remaining for some time there was still a considerable 
amount of the unchanged acetyl derivative together with some 
Z-nitro-l-arnino-n-butylhetizene. The latter compound was obtained 
mere conveniently by hydrolysis with alcoholic hydrogen chloride. 
To the nitroacetyl compound dissolved in ten times its weight of 
alcohol, an amount of hydrochloric acid, insufficient to precipitate 
the nitro-compound, was added, and the mixture was heated under 
reflux until, on pouring into dilute hydrochloric acid, no precipitate 
was obtained. On evaporation. 3-iiitro-4-amino-n-but,ylbenzene was 
left as a reddish-brown oil, which solidified in the ice-chest to a mass 
of reddish-yellow needles melting at about 13°. The substance was 
purified by converting it into the hydrochloride, and decomposing 
this with water or dilute ammonia : 

0*0880 gave 11*0 c.c. N 2 at 18*5° and 745 mm. N-14*4. 

requires X --14*4 per cent. 

Titration with Titanous Chloride. — 0*01038 required 13*3 c.c. 
TiCl 3 (1 c.c. = 0*001344 gram Fe). Calc, as C 10 H u O 2 N., = 100*8 per 
cent. 

The hydrochloride crystallises from a mixture of alcohol and ether 
m Oat, shining plates. It is readily hydrolysed by water. 
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Reduction of the base by adding zinc dust to a warm solution 
in hydrochloric acid gave i-n-bntyl- o-phenyl enediamine as a viscous 
oil which is very readily oxidised on exposure to the air. On this 
account it was not isolated in a pure state for analysis, and the 
condensation product with benzil was prepared from its solution. 

3-N'itro 1-amino-;/ -butvlbenzeiie (I "4 grams) was dissolved in an 
excess of 50 per cent, aqueous acetic acid, and after raising the 
solution to the boiling point small quantities of zinc dust were added 
until the reduction was complete. Ilenzil (1'5 grams), dissolved in 
warm sodium hydrogen sulphite solution, was added and the mix- 
ture boiled for five minutes. A reddish-brown oil was produced, 
which on cooling settled to the bottom of the flask as a semi-solid 
mass. It was collected and, after pressing on a porous tile, crystal- 
Used from hot methyl alcohol. Pale yellow, fiocculent masses of 
small crystals were obtained on rapid cooling and small, pale yelloiv 
needles, melting at 82°, by slow cooling. By spontaneous evapora- 
tion of an ethereal solution, large, well defined groups of needle- 
shaped crystals separated: 

0-0988 gave 6'8 c.c. N., at lo'0° and 768 mm. N = 8‘3. 

C,jH-,.,N:, requires N-;8'3 per cent. 

2 -.3-Diphr.nl/I-6-n-btitylquhioj-aHiie (XVIII) is readily soluble in 
chloroform. It dissolves in cold, concentrated sulphuric acid with 
the production of an orange colour, which on dilution gives place 
to a white turbidity. It is also soluble, in a large excess of concen- 
trated hydrochloric acid, giving a yellow solution. 


3-Xifro-u-bn/t/lben’ene. 

3 -Xitro- 4 -amino-»-bnt.ylbenzcne was dissolved in hydrochloric acid 
(2'5 rnols.) mixed with an equal volume of alcohol, and the solution 
cooled to -5°. A slight excess of sodium nitrite solution was 
added, and after about an hour some red, resinous matter was 
filtered off and the filtrate heated with an excess of ethyl alcohol 
under reflux for two hours. The alcohol was evaporated on the 
water-bath, and the volatile nitro compound removed from the 
residue by distillation in a current of steam. S-Xitro-n-liit/tlbriurnr 
was obtained as a yellow liquid having a pleasant odour : 

0-0766 gave 5 4 c.c. X\ at. 20° and 747 mm. N = 81. 

C,. I I1 1: X)..N requires N = 7‘8 per cent. 

The compound distils at 27o°/752 mm. with no appreciable 
decomposition. It is apparently volatile to some extent, iti alcohol 
vapour, for on removing the excess of alcohol from the product of 
the diazo-reaction some of it was obtained in the distillate. It 1S 
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miscible with chloroform, nitrobenzene, pyridine, or light 
petroleum. 

3-A mino-n-butylb enzene. 


Xo the nitro-compound suspended in concentrated hydrochloric 
acid, small pieces of tin foil were added from time to time until the 
reduction was complete. The tin in solution was removed as sul- 
phide, and after rendering the liquid alkaline with sodium hydr- 
oxide solution, the amine was removed by extraction with ether. It 
was further purified by distillation in a current of steam. 

3-Amino-n-butylbenzene is a pale yellow oil, lighter than water, 
and possesses a faint, agreeable odour : 

01454 gave 12’5 c.c. N 2 at 25° and 727 mm. N = 9'6. 

C j 0 H 15 N requires N = 9'4 per cent. 

The addition of an excess of warm concentrated hydrochloric acid 
yielded the hydrochloride as an oil which solidified on cooling to an 
interlaced mass of small, flattened, jagged needles. 

The acetyl compound was obtained as an oil, which slowly 
hardened to a vitreous mass on keeping it in a desiccator : 

0'0744 gave 49 c.c. N 2 at 25° and 745 mm. N = 7'4. 

C i 2 II 17 ON requires N = 7'3 per cent. 

The benzoyl derivative, prepared by the Scbotten-Baumann reac- 
tion, separates from alcohol in small, white, needle-shaped crystals, 
which melt at 68°: 

01 (510 gave 7'8 c.c. N.> at 17° and 748 mm. N — 5‘7. 

C i; H 19 ON requires N-5-5 per cent. 


4 - A mi no-sec. -butylbenzene. 

To show that no intramolecular rearrangement of the butyl group 
had occurred when «-butyl alcohol and aniline zincichloride inter- 
acted, the corresponding amine was prepared from sec. -butyl alco- 
hol, which was obtained from n-bulvl alcohol through the inter- 
mediate formation of butylene. In the presence of sulphuric acid, 
butylene yielded sec . -butyl alcohol, which was obtained pure by 
repeated fractionation. It. boiled at 99 6 — 99'9°. 

Aniline zincichloride was heated with one molecular proportion 
of scc.-butyl alcohol in an autoclave at 180° for sixty hours, the 
product being treated in exactly the same way as described above 
when 7t-butyl alcohol was used. The mixture of primary amines 
from the zincichloride was fractionated, and yielded, among other 
distillates, a fraction boiling between 230° and 250°. On redistil- 
ling this portion several times a primary amine was obtained boiling 
at 238°/762 mm. From the mixture of secondary amines soluble 
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in light petroleum, a primary amine wag isolated by means of it s 
sulphate, boiling at 238° and identical with the amine obtained from 
the mixture of primary bases: 

0-1909 gave 16-0 c.c. N, at 19'5° and 740 mm. N=9'6. 

C 10 H, 5 N requires N — 9‘4 per cent. 

4-Amino-sec.-butylhenzene., on keeping, slowly changes in colour 
from very pale yellow to dark red. The diazonium salt gives a red 
azo-compound with /3-naphthol in alkaline solution. With bleaching 
powder solution the amine gave no coloration. The addition of 
a solution of chromic acid in concentrated sulphuric acid pro- 
duced a dirty green coloration, changing through purple to wine- 
red on dilution. Nitric acid added in small amount to the sulphate 
of the amine snspended in concentrated sulphuric acid coloured the 
solid matter purple, and the solution yellowish-brown. 

The hydrochloride, is precipitated from aqueous solution on the 
addition of an excess of hydrochloric acid : 

0-0987 gave 0-0750 AgCl. Cl = 18 8. 

C 10 H, 5 N,HC1 requires Cl = 19'l per cent. 

The sulphate is sparingly soluble in cold water, but more readily 
so in hot water, from which it separates in masses of white crystals, 

The acetyl derivative crystallises from aqueous alcohol in lustrous, 
white plates melting at 125 -126" : 

0-1540 gave 10 0 c.c. N., at 19° and 744 mm. N = 7’5. 

C 12 H I7 ON requires N = 7'3 per cent. 

It is soluble in acetone, ether, or ethyl acetate, and sparingly so 
in water. No coloration is obtained by the addition of a solution 
of chromic acid in concentrated sulphuric acid. 

With fuming nitric acid in glacial acetic acid solution it yields a 
yellow, crystalline mfro-derivative. 


a-Phniyl-^-4-sec.-biitylpkenylcarbamide , 
CHMeEt'CJI.'NH-CO'NHFh. 

This derivative is prepared by the addition of phenylcarbimide to 
4-amino-sec. butylbenzene. It crystallises from aqueous alcohol in 
silky needles melting at 144°: 

0’0730 gave 6’5 c.c. N 2 at 14° and 756 mm. N = 10'6. 

C 17 H„ 0 ON 2 requires N = 10'4 per cent. 

It is soluble in ether, acetone, or toluene, but only sparingly so 
in light petroleum (b. p. 60 — 80°). 

In addition to amino-sec.-butylbenzene, other amines were 
obtained from the product of the action of heat on the mixture of 
lec.-butyl alcohol and aniline zincichloride. At 270 — 280° a fraction 
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was obtained consisting mainly of a primary amine, which on 
further purification boiled mainly between 274° and 278°. This 
consisted apparently of aminodi-sec.-butylbenzene. A small quan- 
tity of a residue of a still higher boiling point was obtained, but it 
was not further investigated. The fractions of lower boiling points 
contained a considerable amount of a secondary amine, which was 
freed from the greater part of the primary amine by treatment with 
dilute sulphuric acid. Tn this manner a fraction was obtained boil- 
ing at 225 — 235° consisting chiefly of xeo.-butylaniline, which was 
obtained in a pure state by the action of scc.-fratyl chloride on 
aniline. Aniline (I mol.) was heated under a reflux condenser with 
srr. -butyl chloride (1'5 mols.); this contained a small amount of 
dissolved iodine, and was added gradually over a period extending 
over twenty-four hours. The purplish-blue product was rendered 
alkaline, and from the ethereal extract file sec -hutyltuiiline was 
precipitated as the zincichloride. the base being purified by distilla- 
tion. It distilled at 224 225 °/ 1 bo mm. as an almost colourless 
oil which .had a pleasant, floral odour distinct from that of the 
corresponding n-butyl derivative: 

0-0928 gave 0-2732 CO, and 0-0866 H,0. C = 80'3; H = 10'4. 

0-0835 „ 6'7 c.c. N, at 14° and 756 mm. N-9-5. 

C](|H 15 N requires C = 80'5; 11-= 101; N = 9'4 per cent. 

It is miscible with most of the common organic solvents. The 
addition of a solution of chromic acid in concentrated sulphuric acid 
led to the production of no characteristic coloration. On adding a 
small quantity of nitric acid to a solution of the amine in concen- 
trated sulphuric acid a reddish-brown coloration was observed. 

The hydrochloride was obtained as a hard, crystalline mass by 
saturating a benzene solution of scc.-butvlaniline with dry hydrogen 
chloride: 

0 1324 gave 0T030 AgCI. Cl — 19-2. 

C ]0 H 15 N,HC1 requires Cl = 191 per cent. 

It crystallises from warm benzene in hard nodules, which in bulk 
are grey. It is very readily soluble in water. 

By the action of nitrous acid on the solution of the hydrochloride 
fltenyhea.-lutyhiHrosoaminc was obtained as a pale yellow oil. 
possessing an agreeable odour. It is volatile in steam : 

0 0924 gave 12 6 c.c. N, at 187° and 753 mm. N = 15 9. 
t'lijtf u OX, requires X = 15’7 per cent. 

p-sec.-T tut 1/1 phenol. 

On chazotisiiig ani hi o-m*. -hi itj-Ia inline sulphate and boiling tlie 
solution, nitrogen was evolved, and the liquid assumed a reddish- 
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brown colour due to the production of p-sec.-butylphenol. It 
purified by distillation in a current of steam, followed by fraction!, 
tion. 

At 238° p-sec.-butylphenol passed over as a pale oil, solidifying 
to a mass of long, hair-like, white needles, melting at 59°. The 
melting point was not altered after two crystallisations from light 
petroleum. (Estreicher, Her., 1900, 33, 436, gives m. p. 53 — o4 : 
b. p. 239 5 — 240'5°/750'6 mm.) The substance is very readily 
soluble in alcohol or ether, and, when treated with a dilute solution 
of chromic acid in concentrated sulphuric acid, gives no character, 
istic coloration, other than the production of a transient red tint. 
Ferric chloride also gives no coloration. (Found: C = 79'9; H=99, 
C^HhO requires C = 79 95 ; H = 9'4 per cent.) It is miscible with 
most of the common organic solvents. This compound was also 
obtained, probably in an impure state, by the action of n-butyl 
alcohol on phenol. In this reaction a rearrangement of the alkyl 
group occurs. 

The boiling point of the phenol agrees with that of the substance 
prepared by the diazo-reaction. It was not, however, obtained 
crystalline, nor were any crystalline derivatives prepared from it, 
Ic seems probable that p-scc. -butylphenol is not the only product 
of the interaction between n-butyl alcohol and phenol in the 
presence of zinc chloride. 

Phenol (100 grams) was heated with fused zinc chloride (240 
grams) and n-butyl alcohol (80 grams) for twelve hours. On cool- 
ing, the mixture had separated into two layers. The addition ot 
water dissolved the lower layer consisting mainly of zinc chloride, 
whilst the dark-coloured oil was removed. It consisted chiefly of 
p-sec.-butylphenol, together with some ethers which were removed 
by dissolving the phenol in sodium hydroxide solution. On distilla- 
tion the main fraction was collected between 235° and 245° as a 
colourless oil of agreeable odour. Further fractionation gave a 
colourless, viscous oil distilling at 237 — 240°. 

On the addition of a diazotised solution of fi-naplithylamine to a 
solution of the phenol in dilute potassium hydroxide solution, a 
brown liquid was obtained, from which a reddish-brown a’o-com- 
pound was isolated on rendering acid and extracting with solvents. 
It was not, however, obtained in a pure state. 

The acetyl derivative, prepared by heating 5 grams of p-sec. -butyl- 
phenol with an excess of fused sodium acetate and 10 grams of 
acetic anhydride for three hours, was obtained as a colourless oil 
boiling at 244 — 246°/7CO mm. (Estreicher, he. cit., gives 255 '5 C ; 
743'9 mm.). 



REARRANGEMENT OF THE ALKYLARYLAMINES. 


123 


bemoyl derivative, obtained by the Schotten Baumann 
method, is an almost colourless, viscous oil : 

0-0686 gave 0 2023 C0 2 and 0'0430 H,0. C=80'4; H = 7'0. 

CjjHmOj requires C=80'3; II — 71 per cent, 

Bv nitrating crude p-sec. -bulylphenol with concentrated nitric 
ac id, mixtures of mono- and dinitro-derivatives were obtained. A 
better yield of the former was obtained by using dilute nitric acid . 

wcc.-Butylphenol (2'5 grams) was added to nitric acid (6 grams : 
P p 5 ) and water (9 grams), the mixture being cooled in a stream 
of cold water. After sixteen hours the supernatant layer of acid 
was poured off and the residual oil distilled in a current of steam. 

yUro-f-sec.-butylphenol was obtained in this way as a red oil, 
which was purified by distillation under diminished pressure, when 
it distilled at 196— 200°/80 mm. : 

0-1452 gave 9 0 o.o. N., at 16° and 741 mm. N = 7’2. 

C^H^OjN requires N = 7'2 per cent,. 

The addition of aqueous ammonia precipitated the ammonium 
salt, and solutions of sodium and potassium hydroxides precipitated 
the corresponding allcali salts. 

Reaction with Phenylcarbimuh. 

By heating p-see.-butylphenol, prepared from n-butyl alcohol, 
at 100° with one molecular proportion of phenylearbimide, a 
viscous oil was obtained, which was purified by extracting it several 
times with light petroleum. It was dried first at 80° for a short 
time, and finally over solid potassium hydroxide under diminished 
pressure, On cooling to 0° it was obtained as a brittle solid which 
became viscous at the ordinary temperature. 

Intramolecular Rearrangement of n-liutylaniline. 

The experimental details for the production of 4-amino-n -butyl- 
benzene have already been described (p. 1 10 ), and it has been 
mentioned that other substances are produced in the reaction. The 
primary amines which were, separated by the use of zinc chloride 
were distilled. Aniline was obtained in the first fractions, the 
amount being dependent on the experimental conditions. The prin- 
cipal fraction was 4-ami no-n-butylbenzene, but there was still a 
residue of amines boiling at above 270° ; this, on distillation, proved 
to be a complex mixture, from which a primary amine boiling at 
295—300° was isolated, and was probably : S-di-w-butyl- 

benzene : 
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0'0900 gave 5'3 c.c. N„ at 20° and 737 ram. N = 6'7. 

C 14 H 23 N requires N=6'8 per cent. 

It yields a sparingly soluble sulphate , and after treatment witt 
nitrous acid in the cold, combines with alkaline 0-naphthol with the 
formation of an azo-compound. A fraction of still higher boiling 
point which also contains a primary amine was not investigated. 

The ethereal washings of the zineiehloride (p. 110) obtained hv 
the action of n-butvl alcohol on aniline zineiehloride were shaken 
with dilute sodium hydroxide solution to remove a portion (.4) e 031 . 
taining phenolic substances and then several times with dilute 
hydrochloric acid to remove a portion (21) containing secondary and 
tertiary amines. There was finally obtained an ethereal solution 
containing for the most part substances which are soluble only in 
concentrated hydrochloric acid, and are precipitated on dilution. 
These substances boil at above 290° under the ordinary pressure, 
and their sulphuric solution in the presence of nitrous acid develop 
an intense bluish-black colour. The behaviour and properties of 
these substances suggest that they may be diphenylamine deriv- 
atives, but they were not further investigated. The separated por- 
tions were examined as follows: (.4) The phenolic substances were 
isolated by acidifying the alkaline solution and extracting with 
ether. They appeared to be a mixture of phenol and butylpheuol, 
for on distillation two definite fractions were obtained, one at about 
200 — 210°, and the principal fraction at 240- -245°. These phenols 
do not appear to be constant constituents of the products of the 
reaction being usually present at the most in small amounts. 

(/?) The amines on distillation gave a secondary amine boiling at 
235—245°, with small amounts of a primary amine at 255—265°, 
which was shown to be 4-amino-n-butylbenzene. Between 275° and 
290° a secondary amine, probably i-n-butyhvnino-n-butylhe,imm. 
was collected in an impure condition. It was dissolved in dilute 
hydrochloric acid and treated with nitrous acid, when 4-n-{iif,#!- 
phenyl-n-butplnitrosoamine separated as a yellowish-red oil, volatile 
in steam, and having a pleasant odour : 


0'0703 gave 7‘4 c.c. at 17'8° and 744 mm. N = 12‘l. 
C u IL 2 ON 2 requires K = 12’0 per cent. 

The amount of this secondary amine present in the mixture 
resulting from the action of u-butvl alcohol on aniline zineiehloride 
is usually small, and the yield appears to depend on the experi- 
mental conditions. The residue of higher boiling point yielded, at 
about 300°, aminodibutylbenzene, which -was isolated as a sparingly 
soluble sulphate, and a mixture of amines, yielding fractions up to 
360°. Amines of still higher boiling points were obtained on dis- 
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tilling under diminished pressure until only a semi-carbonised mass 
remained in the flask. This distillate, which contained primary, 
secondary, and tertiary amines, was not further investigated, but 
no doubt consisted of amino-compounds containing more than two 
butyl groups in the nucleus. 

The formation of 4-ammo-rc-butylbenzene by the action of dry 
,,-butyl alcohol on aniline zineichloride may be due to the initial 
formation of n-butylaniline, followed by intramolecular change, or to 
the direct entry of the butyl group into the nucleus. The former sug- 
gestion agrees better with the experimental results, for by reducing 
the time of the reaction and the temperature at which it occurs 
n-butylaniline is obtained in greater amount than usual, whilst the 
•held of 4-ainino-n-butylbenzene is much smaller. In one experi- 
ment the temperature was allowed to rise gradually to 180 200° 

over a period of six hours. The products were aniline and n-butyl- 
auiline, only a small quantity of 4-amino-m-butylbenzene being 

formed. 

[t was also found that pure re-butylaniline, in the presence of 
zinc chloride and also certain other salts, underwent intramolecular 
change on heating at temperatures between 200° and 240° for 
about six to eight hours. 


n-Butylanilme and Cobalt Chloride. 

n-Butylaniline (4’5 grams) was heated in a sealed tube at tem- 
peratures between 200° and 240° for seven hours with anhydrous 
cobalt chloride (2 grams). There was only a slight pressure on 
opening the tube, and the contents, which were initially pale green, 
changed to a deep blue, crystalline mass. After treatment with 
sann watei and dilute sodium hydroxide solution the mixture of 
amines had the following composition : 

Primary amine 62 per cent. 

Secondary amine 14 

Rases insoluble in dilute hydrochloric acid ... 23 „ ,, 

The primary amine gave an acetyl compound melting at 103° 
after one crystallisation, which was identical with 4-acetylamino-re- 
butylbenzene. 

Other experiments were carried out, by heating pure n-butyl- 
aniline under pressure in the presence of various substances, such as 
Mc chlonde and sodium chloride. The results obtained are given 
1,1 ihe following table : 
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Substance. 

added. 

Duration 
of heating. 

Percentage composition of 
resulting aminos. 

Insoluble 

rrimary. Secondary, dilute ac 



8 hours. 

1 

99 

— 

NaCl 

8 „ 

— 

100 

— 

Si0 2 

8 „ 

1 

99 

— 

CaSO, 

8 „ 

— 

100 

•— 

CaCh 

8 „ 

2 

98 

— ■ 

CoCl, 

7 „ 

62 

14 

23 

OuClj 

8 „ 

11 


50 

ZnClj 

7 „ 

47 

37 

If) 

CoCI 2 

8 „ 

50 

20 

30 

HgCl a 

8 „ 

20 


* 


* Not determined. 


The temperature in every case varied between 200° and 240" 
except in the case of u-butylaniline, which was heated alone at 
240—260°. The experiments are, however, not comparable. When 
the amine was heated with cupric chloride the mixture at the end 
of the reaction was very dark and contained small, bright red, 
metallic particles, presumably of copper. The yield of amines 
insoluble in dilute hydrochloric acid was also high. In the experi- 
ment with mercuric chloride some metallic mercury was obtained, 
It was observed that the intramolecular rearrangement of the 
butylaniline was accompanied by the combination of the secondary 
amine with the substauce added. Some of these additive compounds 
have been isolated. 

n-Butylnniline. cobnHochlontle was obtained by heating butyl- 
aniline with an excess of finely powdered anhydrous cobalt chloride 
in the presence of chloroform. After collecting the excess of sus- 
pended metallic salt, the chloroform solution was evaporated to dry- 
ness, when the cobaltochloride was obtained as a greenish-blue, 
vitreous mass, which becomes viscous after heating at 100°. It is 
decomposed by water with the formation of cobalt chloride and 
butylaniline : 

0 4226 gave 0-4265 AgCl. Cl = 25 0. 

C] n H]-,N,CoCL requires Cl = 25'4 per cent, 
n-lhitylamline zinckhloridc was obtained as a grey, vitreous mass 
by heating «-butylaniline in chloroform solution with an excess of 
zinc chloride. The solution was filtered from the zinc chloride and 
the solvent removed by distillation. On washing with small quan- 
tities of light petroleum to remove the excess of butylaniline, the 
zincichloride remained in a pure condition : 

0-1450 gave 01458 AgCl. a = 24'9. 

C 10 H 15 N,ZnCL, requires Cl = 24'9 per cent. 
n- Butylaniline and cadmium chloride also form an additive com- 
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pound , which in common with those of the chlorides of cobalt and 
zinc is readily decomposed by hot water. The instability of the 
zincichlonde toward water explains the readiness with which 
primary amines may be separated from secondary by the use of zinc 
chloride. 

Evidence was obtained of the formation of compounds with ferric 
chloride and cupric chloride by warming the chlorides with a chloro- 
form solution of butvlaniline. With ferric chloride a very dark 
green substance was obtained, soluble in aqueous alcohol (75 per 
cent.), giving a bright green colour. Cupric chloride gave a deep 
violet chloroform solution, yielding a solid which was almost black. 

With the chlorides of calcium or sodium, or with calcium sulphate 
and silica, no indications were obtained of the formation of additive 
compounds. 


Additive Compounds of i-Amino-n-butylbenzene with 
Metallic Salts. 

The products of intramolecular change apparently contained addi- 
tive compounds of the primary amine with the salt employed. A 
few of these compounds were prepared and analysed, 

i-Amino-n-butylbenzene zincichloride was obtained as a caseous 
mass by adding an aqueous solution of zinc chloride to 4-amino-n- 
tatylbenzene : 

0'2355 gave 01540 AgCl. Cl = 16'2. 

(Ci-Hj.Kj.ZnCh requires CI = 16'3 per cent. 

It is sparingly soluble in water, alcohol, or ether. Dilute acids 
hvdrolyse it rapidly. 

i-Amino-n-butylbemene cobaltochloride was prepared by mixing 
alcoholic solutions of anhydrous cobalt chloride with an excess of 
tile base. After being crystallised from absolute methyl alcohol, it 
formed a bright blue powder which is decomposed by water into its 
components, slowly in the cold, but more quickly on warming: 

00858 gave 0‘0562 AgCl. Cl-16’2. 

MIm „ 0 0793 CoS0 4 . Co = 14 0. 

( c 'hiHj.;N) 2 ,CoC 1, requires Cl = 16 6; Co=13'8 per cent. 

^muio-n-butylbenzene cadmichloruh was obtained as a white, 
m i? mass by mixing the components in methyl-alcoholic solution’ 
.crystallises from hot methyl alcohol in small, white crystals with a 
acreous lustre, and tends to form crusts of crystals on the surface 
E S0 ^ lltlon - It is hydrolysed on boiling with water. 
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Action of Heat on n-Butylaniline Hydrochloride. 

Crude mono-n-butylaniline was converted into its hydrochloride 
by evaporating it with an excess' o£ concentrated hydrochloric acid 
until the solution was of a syrupy consistency. On keeping over, 
night it had solidified to a hard mass of crystals, which were trails- 
ferred to a retort and heated ill an oil-bath at 260 300°. The dis- 

engaged vapours were passed through a condenser to remove any 
liquid. A considerable amount of a liquid was condensed, nearly 
all of which boiled between 80° and 83°, indicating the presence of 
n-butyl chloride. The gas which escaped condensation was passed 
through bromine, and after removing the excess of bromine by 
means of sodium hydrogen sulphite, a small amount of a colourless 
liquid was obtained, which was not further examined. In this 
experiment an excess of hydrochloric acid was originally present, 
Another experiment was carried out taking precautions to avoid 
an excess. The hydrochloride was dried on a steam-bath for twelve 
hours, and exposed lo the air for a further period, after which it 
was heated at 280—300° for one hundred hours. During the earlier 
stages of the experiment, a liquid (.1) was condensed, which became 
darker as the heating proceeded. The gas evolved was passed 
through bromine, when a liquid dibromide was obtained in small 
amount. 

From the distillate (.1) there separated a small quantity of flat, 
grey crystals, which consisted of aniline hydrochloride. The liquid 
portion, after being rendered alkaline, gave, on distillation, a frac- 
tion boiling between 70° and 80°, chiefly at 77— 80°, which was 
« -butyl chloride. There was also a fraction boiling chiefly between 
200° aud 250°, containing principally a primary amine mixed with 
some secondary, the former being identified as aniline. 

The residue in the flask, which was black and tarry, was rendered 
alkaline, and the resulting amine treated with an excess of zinc 
chloride solution, in order to separate the primary amines from the 
other products. The insoluble zincichlorides gave a mixture of 
amines boiling between 200° and 255°, and yielding a considerable 
fraction at 240—255°. The ethereal washings of the ziucichlondc 
contained a secondary amine, boiling between 230° and 250°, whilst 
at 250—260° a mixture of primary and secondary amines was 
obtained. There were also present bases which were insoluble ij 
dilute hydrochloric acid, but soluble in the concentrated acid, an 
were probably diphenylamine derivatives. 

Preparation, of n -But plan time Hydrochloride. 

n-Butylaniline hydrochloride has previously been obtained by 
Kahn (Her., 1885, 18 , 3361) by evaporating a solution of n- buy- 
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aniline in hydrochloric acid to crystallisation. A more convenient 
method was to pass a stream of dry hydrogen chloride into a solution 
of butyl aniline in an equal volume of benzene or toluene. A con- 
siderable amount of heat was generated, sufficient to evaporate some 
of the hydrocarbon. On cooling, n-butylaniline hydrochloride 
crystallised out, and was collected, washed, and dried. The filtrate 
which still contained much of the salt, was precipitated by the 
addition of ether, when the hydrochloride was obtained in very 
small, white crystals having a silvery appearance. They were col- 
lected, washed with further amounts of ether, and dried first at 
00 s and later at 100°. 

rt-Butylaniline hydrochloride crystallises in very small irregular 
plates from hot ethyl acetate, in which it is readily soluble. It is 
only moderately soluble in the cold solvent. 


Comparative Experiments on AU.ylan/lamines with various 
Alkyl Groups. 

A comparison was made of the. stability of alkylarylamines con- 
taining alkyl groups of different weight. For this purpose methyl- 
arid n-butyl-arvlanunes were employed. In the earlier investigations 
the experiments were carried out on the intramolecular rearranee- 
menfc of meth y‘- tind "-butyl-aniline. The secondary amines were 
heated m sealed tubes with a molecular proportion of substances 
*hich aid the formation of aminoalkylbenzcnes. The tubes were 
arranged in iron shields in such a manner that the temperature and 
the duration of beating were, approximately the same in each case 
The results are given in the following table. The results show that 
t ere is a difference, although not very marked, in the behaviour 
of the two amines, ff-bntylamline undergoing intramolecular change 
more readily. In this case the action is characterised by the forma- 
tion of appreciable quantities of substances of the nature of 
(liphcny'ainine, which arc either absent in the case of methylaniline 
01 present only in small amount. 


n-lJutvlrtniline. 


Substance. Time of 

ft rtfdded. heating. 

cS f ours - 

hci , 

hoi ; g 

CoOj (i mol.) 5 

i 


Primary. 
Per cent. 


08 


Methylaniline. 


Secondary. 
Per cent. 
10 
24 
20 
IS 
33 
33 


Primary. 
Per cent. 
57 
43 

23 


Secondary. 
Per cent. 
32 
24 
95 


50 

40 


Not estimated. 
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It was observed that methylaniline yields additive compounds 
with cobalt chloride, zinc chloride, and cadmium chloride similar to 
those described in the case of rjdmtylamline (p. 126). 

MethylaniHne cobalt ochloride was obtained as a dull blue powder 
on triturating anhydrous cobalt chloride with an excess of freshly 
distilled methylaniHne and heating the mixture on a steam-bath 
for a short time, the excess of methylaniline being then extracted by 
means of chloroform. On long keeping, the salt became greenish- 
yellow : 

0-1157 gave 0-1402 AgCl. Cl=300. 

0-4312 „ 0-2818 CoSOj. Co = 24'9. 

C-H : N,CoCl, requires Cl = 30'2; Co = 25'l per cent. 

Methylaniline eadmielilorule was prepared in a similar way. Jt j s 
a white powder, which is decomposed by water : 

0-4099 gave 0-4016 AgCl. Cl = 24’2. 

0-3045 „ 0-2150 CdS0 4 . Cd = 39 0. 

C ; H r N,CdCl, requires Cl = 24'6; Cd = 39 0 per cent. 

In the formation of the additive compounds of alkylanilines with 
metallic salts, the steric effects of the alkyl group may affect the 
formation of the compounds to a different, extent, and for this and 
other reasons (difficulty of ensuring the same temperature and pres- 
sure in each tube) the experiments are probably not strictly compar- 
able. The comparison of the relative stability of methyl ami 
«-butyl groups was therefore carried out with tertiary amines, such 
as methyl-n-butylaniline. The intramolecular rearrangement of this 
compound proceeds in two stages, namely, the formation of a second- 
ary amine, followed by conversion into a primary amine. It there- 
fore became necessary to prepare the compounds that may possibly 
occur in the mixture 


Melliyl-n-butylaniline. 

This substance was prepared in three ways, namely, by the inter- 
action of (a) n butyl bromide and methylaniline, (l) « -butyl 
chloride and methylaniline, (c) methyl iodide and n-butylaniline. 
and the products in each case were the same. It was found that 
to obtain pure methyl-n-butylaniline by distillation was a tedious 
operation leading to losses. In the earlier work the process of puri- 
fication consisted in converting the crude methyl-n-butylaniline into 
its picrate, and then crystallising the picrate until pure. This pro 
cedure was abandoned later and the secondary amine was removed 
by heating the crude tertiary amine with a slight, excess of the theo- 
retical amount of phenylcarbimide. The excess of the reagent was 
removed by warming with water, followed by distillation in a cm 
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rent of steam. Methyl-n-butylamline was obtained in this way as a 
pale yellow, refractive liquid boiling at 242 — 243°/766 mm. : 

0-1071 gave 0-3180 C0 2 and 0-0987 H,0. C = 810; H = 10'3. 

0 0988 „ 7’7 c.e. No at 28° and 748 mm. N= 8 ' 8 . 

C],H 17 N requires C — 80 9 ; H = 10'5; N = 8'6 per cent. 

The hydrochloride was obtained as an oil on passing a stream of 
dry hydrogen chloride into an ethereal solution of the base. After 
repeated washings with small quantities of dry ether, and keeping 
over potassium hydroxide under diminished pressure, it solidified to 
a mass of white, glistening laminae: 

0-1633 gave 0-1170 AgCI. Cl = 17'7. 

C U H,-N,HC] requires Cl = 17 8 per cent. 

It is extremely soluble in water or alcohol, moderately so in nitro- 
benzene, and sparingly so in toluene. 

From an aqueous solution of the hydrochloride containing a slight 
excess of free acid, the platinichlorklc was obtained as an orange- 
yellow precipitate sparingly soluble in water : 

0-1152 gave 0'0304 Pt. Pt = 26'4. 

0-2234 „ 7'0 c.c. N, at 18° and 738 mm. N=3'G. 

(C„H 17 N) 2 ,H ; PtCi (1 requires Pt = 26 5 ; N = 3'8 per cent. 

The yicrote crystallises from a methyl-alcoholic solution of the 
components in small, yellow crystals melting at 90°. 

Titration with Titnnous Chloride. — 0 010 required 20 3 c.c. TiC!l s 
f] c.c. TiO, =0-001257 gram Fe). Calc, as C n H ] 7 N,C (; H 3 0 7 N 3 = 
100*5 per cent. 

The melting point of this compound differs from that recorded by 
Komatsu ( loc . eit.), who gives 141—142°. The picrates from the 
amine obtained by introducing the alkyl groups in different order 
were found to be identical, and a mixture of them also melted at 

90°. 

y-Xitrosomethyl-n-biitylrmiline .— Nitrous acid acted on a solution 
of methyl-«-butvlaniline hydrochloride containing free hydrochloric 
acid yielding a reddish-brown solution, and the addition of ice-cold 
dilute aqueous ammonia precipitated the base as an oil, which was 
removed by means of ether. It was obtained as a greenish-blue 
liquid, which was steel-blue by reflected light: 

01184 gave 0-2981 CO, and 0-0909 11 , 0 . C = 68-7; H-8\5. 

0 1282 ,, 16 2 c.c. N, at 15° and 74o nun. N=14’8. 

C n H ll; ON., requires C = 68'7 ; IT = 8'4 : N = 14’6 per cent. 

On heating the base under reflux with an excess of a 10 per cent, 
aqueous solution of sodium hydroxide, decomposition occurred with 
Ike production of a volatile amine, probably methyl n-butylamine. 

4 .1/ ethylamino-n-hnt 'ylhrnsr n c was obtained by heating 4-amino- 
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tt-butylbenzene with methyl iodide. The addition of a dilute solu- 
tion of sodium hydroxide liberated the base as an almost colourless 
oil boiling at 262— 265°/ 760 mm. : 

0*1042 gave 7*6 c.c. N 2 at 15° and 759 mm. N = 8‘7. 

C n Hi 7 N requires N = 8'6 per cent. 

By the action of nitrous acid 4-n -butylphenylmethylnitrosoajnine 
CuHjgONg, was obtained as a pale yellow oil. This was nitrated by 
dissolving it in glacial acetic acid, and cautiously adding ten times 
its weight of fuming nitric acid in the cold. After a short time the 
reaction was completed by heating on the water-bath until the mix- 
ture was pale red or yellow. This was then poured on crushed ice 
and the nitro-derivative collected and crystallised by dissolving it 
in cold fuming nitric acid. On keeping, dinitro-n-butylphenyl4 . 
me thylnitroamine, was obtained in pale yellow plates. 

From warm glacial acetic acid it crystallises in very pale yellow 
glistening plates at 86°. 

Ethyl-n-buti/lanilhie was obtained by the action of n-butyl 
chloride on ethylaniline and also by allowing ethyl iodide to react 
with butylaniline. It was obtained pure in the manner described 
for methylbutylaniline, and is a pale yellow oil boiling at 248°' 
768 mm. : 

0*0968 gave 0*2880 C0 2 and 0*0891 H 2 0. C = 8l*l; H = 10*2. 
0*0836 „ 5*9 c.c. No at 25° and 748 mm. N = 8*0. 

C 12 H, 9 N requires 0 = 81*3; H = 10*8 ; N = 7*9 per cent. 

The picrate crystallises from aqueous alcohol in bright yellow, 
thin prisms or narrow plates melting at 100° : 

0*010 required 20*0 c.c. TiCl 3 (1 c.c. TiCl 3 = 0*001 25 gram Fe). 
Calc, for C 12 H 19 N,C 6 H 3 0 : N 3 = 99*3 per cent. 

p ~ A itrosoet hyl-n-hu tylan Hi n c was obtained as an oil having a 
dark blue, metallic colour when viewed by reflected light : 

0*017 gave 12*1 c.c. N 2 at 24° and 741 mm. N = 13'7. 

C 12 II 1s ON 2 requires N — 13*6 per cent. 
p-Nitrosoethyl-n-hutylanilme zincichloride was prepared by mix- 
ing alcoholic solutions of the components and evaporating the alcohol 
under diminished pressure, but it was not obtained crystalline. 

i-EthyloMvno-w-hutylbenzene is a liquid of agreeable odour and 
boiling at 270 — 272°/762 mm. : 

0*1024 gave 7*5 c.c. N 2 at 22° and 746 mm. N = S*2. 

CjoHjqN requires N = 7*9 per cent. 

The nitrnwamijie is a yellow oil : 

0*0999 gave 11*65 c.c. N s at 20° and 7 46 mm. N=13*4. 
C i 2 K ]S ON 2 requires N = 13*6 per cent. 
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2-Amino-5-n-butyltoluene. 

Molecular proportions of rc-butyl alcohol and o-toluidine were 
heated at 200 -240° for twenty-four hours, and the mixture was 
treated in the manner already described for 4-amino-«-butylbenzene. 
■K.iinino-5-n-butyltotuene was obtained as a very pale yellow liquid 
boiling at 265 — 268°/ 765 mm.: 

0 0930 gave 71 c.c. N 2 at 20° and 757 mm. N = 8'6. 

CjjH^N requires N = 8'6 per cent. 

The hydrochloride crystallises from warm dilute hydrochloric acid 
in rosettes of white needles : 

01176 gave 0'0840 AgCl. Cl = 17 8. 

ChHjjN.HCI requires Cl — 17’8 per cent. 

It is precipitated from aqueous solution by the addition of an 
excess of hydrochloric acid. 

The acetyl derivative crystallises from dilute aqueous alcohol in 
white masses of crystals melting at, 89° : 

01039 gave S'O c.c. N 2 at 15° and 750 mm. N = 6'8. 

C n H;, ( ON requires N = 6'8 per cent. 

On diazotising the hydrochloride and adding the solution to alka- 
line 0-naphthol, b-n-hHtylfolucne-‘2-aio-l3-n<iphthol is precipitated. 
It crystallises from hot glacial acetic acid in bulky masses of small, 
blight red needles melting at 105 -107°. It is only moderately 
»>IuMe in alcohol, and dissolves in concentrated sulphuric acid with 
the production of a purple coloration. 


i-Ammo-3-n-butyltoluene. 

This amine was obtained by the action of Vcbutyl alcohol on 
p-toluidme ziucichloride, in the manner already described for the 
preparation of 4-amino-n-butvlbenzene. It is a liquid boiling at 
265—270° under atmospheric pressure: 

0 1496 gave 113 c.c. X, at 19° and 762 mm. K = 8'9. 

C„II i; -\ requires X = 8’6 per cent. 

The acetyl derivative separates as a white mass on cooling the 
produei of interaction of 4-amino-3-» butyltalueue and acetic anhy- 
nnde. It crystallises from alcohol in tufts of white slender needles 

melting at 129° : 

01113 gave 0'3105 CO, and 0'09o3 H.,0. C = 76’l ; H = 9-5. 

C -ll ) X requires C 76 0 , H = 9'3 per cent. 



134 REILLY AND HICKINBOTTOM : INTRAMOLECULAR 


The Intramolecular Rearrangement of M ethyUn-butylaniline. 

Pure iuethyl-«.-butylaniline was heated in a sealed tube with one 
molecular proportion of either zinc chloride or cobalt chloride, hi 
one experiment methyl-ra-butylaniline hydrochloride was employed 
The temperature varied between 200° and 250°, and the heating was 
allowed to continue for about six to eight hours. On opening the 
tubes there was usually a pressure due to the presence of an inflam- 
mable gas. The contents of the tube were rendered alkaline, and 
the amines were obtained by distillation in a current of steam. The 
mixture of amines obtained in this way was treated with zinc 
chloride solution, which removed the hulk of the primary amines. 
The ethereal washings of the zinci chloride were washed with dilute 
hydrochloric acid to remove primary, secondary, and tertiary amines. 
From this acid solution the secondary amines were separated as 
nitrosoamines and the primary amines converted into the corre- 
sponding diazonium salts. 

The nitrosoamines separated in this way were nitrated, yielding in 
each case an oily product, which was obtained crystalline only on 
keeping in contact with concentrated nitric acid for several days, By 
pressing on a porous tile to remove oily impurities, and by repeated 
recrystallisation from glacial acetic acid, a small amount of a pale 
yellow, crystalline substance was obtained melting at 93°, and the 
melting point was raised to 94 — 95° by the addition of 3 : 5-dinitro- 
p-tolyl-w-butylnitroamine. It is probable that the latter compound 
was present in the nitration product, indicating the existence of 
7i-butyl-7J-toluidine in the mixture of amines from the intramolecular 
rearrangement of methyl-n-butylaniline. It was not found possible 
to isolate any other nitro-componnd in a pure state from the mixture, 
although appreciable amounts were present. 

It is probable that in the mixture dinitro-ft-bulylphenylmethyl- 
nitroamine was also present, as only n-butyl-p-toluidine aud 4-methyl- 
amino-/t-butylbenzene would be expected to occur in any appreciable 
amount. 

In one case small amounts of 2 :4 : 6-trinitrophenylmethylnitro- 
amine were isolated, and the primary amine from it indicated 
p-toluidine. By crystallisation of the azo-compounds from this 
experiment, 7>-tolueneazo-/3-naphtho!, melting at 129°, was isolated, 
and this melting point was not depressed by the addition of pure 
7 >lolueneazo-^-naphthol. The small amounts of derivatives of 
methylaniline and p-toluidine isolated were due probably to the 
rearrangement not proceeding to' completion. 
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Action of Heat on Methyl-n-butylanilme Hydrochloride. 

Jlet.hyl-n-butylaniline (4 '2 grams) was dissolved in an excess of 
concentrated hydrochloric acid in a small glass retort, which was 
heated in an oil-bath at 150 — 200°, a stream of hydrogen chloride 
being allowed to pass through the retort during the period of heat- 
ing. A portion of the residue in the vessel was removed, and after 
diluting and adding more hydrochloric acid it was cooled to 0° and 
treated with a slight excess of an aqueous solution of sodium nitrite. 
A nitrosoamine separated, which was removed by extraction with 
ether. The ethereal solution was washed several times with water 
and dilute sodium hydroxide, dried, and evaporated, and the 
residue was dissolved in glacial acetic acid, nitrated by heating it 
oil a water-bath with fuming nitric acid, until the colour of the 
mixture had changed to a pale red. On pouring the mixture into 
water an oily product was obtained which, when crystallised from 
fuming nitric acid, melted at 90-92°. The addition of trinitro- 
plienylbutylnitroamine (m. p. 99°) depressed the melting point to 
about 89-92°, whilst the addition of trinitrophenylmethylnitro- 
aniine raised the melting point to 110-115°. The secondary amine 
resulting from the elimination of alkyl groups from melhylbutyl- 
auiline in a stream of hydrogen chloride is therefore probably a 
mixture of methyl- and butyl-aniline. 

The further examination of the products of this reaction is 
deferred until the physical constants of mixtures of trinitrophenyl- 
mcthylml.roamine and trinitropheuylbutylnitroamine have been 
determined. 


The Miration of Biallcylanilines. 

lhe method usually adopted to nitrate dissimilarly substituted 
dialkylanilmes was to add cautiously about 10 to 15 times their 
weight of fuming nitric acid to a solution in glacial acetic acid. The 
reaction was completed by heating on the water bath until the dark 
colour of the mixture had given place to a pale yellow or red The 
nitration product was then isolated by pouring on ice, when it was 
collected and purified by crystallisation from fuming nitric acid. 

lbutylamliiie, when treated in this way, gave trinitrophcnyl-n- 
JU ' j l " troi "' ll »c in very pale yellow plates melting at 100°: 

0 1093 gave 20 3 c.c. N._, at 20° and 748 mm. N = 21'3. 

Ci„II n O s N :i requires N = 21'3 per cent. 

J 1 15 111 alcohol or acetone, and can be conveniently recrys- 

1S6d from hot Social acetic acid. An alcoholic solution of 
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sodium hydroxide in the cold gives a deep orange-red coloration. 
It dissolves in cold concentrated sulphuric acid without any 
development of colour, but on dilution a yellow turbidity j s 
produced . 

This substance was shown to be identical with the nitro-derivative 
obtained on nitrating phenyl-u-butylnitrosoamine. It was al so 
obtained by nitrating dibutylaniline in the presence of nitric and 
sulphuric acids. Dibutylaniline (10 grams) dissolved in concert 
trated sulphuric acid (18 grams) was slowly added to a mixture of 
sulphuric (50 grams) and nitric acids (150 grams), the temperature 
being maintained between 35° and 45° throughout the reaction. 
After all the amine had been added the mixture was maintained for 
some time at 50°, and then thrown on crushed ice, when the nitro- 
compound was collected as a viscous, red substance and purified in 
the usual manner by crystallisation from fuming nitric acid. The 
strongly acid aqueous portion was found to contain butyric add. 
The mtro-compound was removed by filtration through a thick 
layer of glass-wool. It was found necessary to take these precau- 
tions to remove the last traces of the mtro-compound in order to 
prevent contamination of the products at a later stage. To the acid 
filtrate, iron filings were added gradually, care being taken to avoid 
a too-vigorous action. After remaining overnight, the solution was 
distilled in a current of steam. The distillate, which still contained 
a small amount of nitric acid, was neutralised and evaporated to a 
small bulk. It was theu rendered acid by adding an excess of sul- 
phuric acid, and the last traces of nitric acid were removed by a 
further treatment with iron filings. A further distillation in a 
current of steam gave a distillate which contained a volatile acid, 
and *this was identified by means of its “distillation constant' 1 
determined in an apparatus described by the authors (Set. Pm. 
Hoy. Buhl. Soc., 1919. 15, 513). The constant agreed with that- for 
-/(-butyric acid mixed with a small proportion of an impurity, and its 
presence was confirmed by its odour and by its reaction with ferric 
chloride. 

Comparative experiments were also carried out, using dimethyl- 
aniline. Methyl-n-butylaniline was nitrated by fuming nitric acid 
dissolved in glacial acetic acid following the method described above. 
The product melted at 123—125° after crystallisation from fuming 
nitric acid. It, was recrystallised from glacial acetic acid, and was 
found to be identical with 2 :4 : C-trinitrophenylmethylnitroamine, 
for no depression of the melting (joint occurred when a mixture wa3 
prepared with this nitro-compound and triiiitrophenylmethylnitro- 
amine from another source. 

Ethyl-n-butylaniline, on nitration with fuming nitric acid or with 
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a mixture of nitric and sulphuric acids, gave a product which, on 
crystallisation from fuming nitric acid, furnished a mixture yielding 
trinitrophenyl-n-butylnitroamine on crystallisation from glacial 
acetic acid. 

[ Received , November 4 th , 19 19. J 


vyl , — The Condensation of Ethyl Acetoacetate with 
p- Dimethylamindbeuzaldehyde and Ammonia. 

jjy Leonard Eric Hinkel and Herbert William Cremer. 

This work was interrupted by the war, and as there seems no 
possibility of it being continued jointly, it was considered advisable 
to place on record such results as were obtained. The investigation 
arose from a desire to study the influence of substituent groups in 
aliphatic and aromatic aldehydes in Hantzsch's pyridine condensa- 
tion, It was thought that the introduction of basic groups would 
retard it, and for this purpose p-dimethylaminobenzaldehyde was 
chosen. 

The condensation was found to take place very slowly even on 
heating, the best results being obtained by allowing the mixture 
to remain for about one hour at the ordinary temperature and 
then heating under pressure for seven to nine hours. The yield 
of the dihydro-derivative could not, be increased by longer heating 
or by employing excess of ammonia. The viscous filtrate from Jthe 
dihydro-compound was subjected to steam distillation, but no 
aldehyde passed over with the steam. The filtrate was soluble in 
hydrochloric acid and reprecipitated unchanged by alkali. In all 
probability, the filtrato contained a ci/clo - ketone formed by the 
further condensation of the 1 :o-diketone first produced along with 
the dihydro-compound. The filtrate was not further examined. 
The dihydro-derivative can also be produced by condensing the 
aldehyde with ethyl acetoacetate (1 mol.) and ethyl (3-amino- 
erotonate (1 mol.). This method was also employed with 
ydimethylaininobenzaldehyde, and also, for comparison, with 
lenzaldehyde. In the first case, the yield was 21-7 per cent., 
whilst with benzaldehyde it was more than 90 per cent., showing 
in a striking mauner the effect of the p-dimethylamino-group on 
the condensation. The oxidation of the dihydro-derivative could 
not be carried out according to the usual method by nitrous fumes. 
Even at low temperatures, brown, needle-shaped crystals readily 

vox,. cxvn. 0 
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formed, which were found to be p-nitrosodimethylaniline nitrate. 
The readiness with which the p-dimethylaminophenyl group j s 
eliminated is probably due to the influence exerted by the dimethyl, 
amino-group, since it has been shown (Seliilf and Puliti, JJer., J 5 J 3 
16 , 160; Epstein, Annul en, 1885, 231 , 1) that phenyl- and sfcyryl- 
dimethyldihydropyridinedicarboxylic esters are readily oxidised bv 
nitrous fumes without elimination of the phenyl or styryl groups. 


Experimental. 

Efhi/l i-p-Dimethylamino pftenyl-2 •.^-dimethyl-1 : A-dihydro - 
pyridine- 3 : 5-dicarboxylate, 

C0 5 Et-'C'CH(C 9 H,-NMe s )-C-C0 2 Et 
CMe NH CMe 


A mixture of 30 grams (1 mol.) of y-dimethylaminobeiu- 
aldehyde. 52 grains (2 mols.) of ethyl acetoacetate, 3'4 grams 
(1 mol.) of ammonia, and 70 c.c. of alcohol, contained in a closed 
flask, was allowed to remain for an hour and then heated for nine 
hours over a rapidly boiling water-bath. Considerable pressure 
was developed in the flask, which was therefore suitably protected 
against explosion. O 11 cooling, about halt of the contents ot the 
flask crystallised, and the crystals were collected and washed with 
a small quantity of alcohol. The residue was evaporated over a 
water-bath until viscid, and, when cold, diluted with an equal 
volume of alcohol; on stirring, a small, further quantity was 
obtained, the total yield being 40 grams, or 53- 7 per cent, of the 
theoretical. The crude, yellow crystals were purified by crystal- 
lisations from alcohol, acetone, and ethyl acetate, and were obtained 
finally in nearly colourless, fine needles melting at 158'5°: 


O' 2452 gave 0'6047 CO., and O' 1 7 02 H.,0. C — 67'26; II — 7 '7. 

01617 „ 10'8 c.c. N, (moist) at 7-5° and 750 mm. N., = 8'0, 

C 2 I H., s 0 4 N, requires C = 67'64; II = 7'52; N = 7'52 per cent. 

The ester is very similar to the trimethyl ester prepared by 
Hantzsch. It is stable to boiling dilute alkali, and boiling alcoholic 
potassium hydroxide slowly acts on it, bringing about complete 
decomposition. When heated with concentrated hydrochloric, 
sulphuric, or phosphoric acid, the compound is also decomposed, 
with the elimination of two molecular proportions of carbon 
dioxide. By virtue of the dimethylamino-group, however, it 
possesses basic properties and readily forms sparingly soluble 
additive compounds with hydrogen chloride and with methy 
iodide. 
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I'uiulensation of ^■Dimethylammobmicddehyde, Ethyl Aceta- 
acetate, and Ethyl fl-Aminocrotonate. 

A mixture of 6 grams (1 mol.) of p-dimethylaminobenzaldehyde, 
-o orams (1 mol.) of ethyl acetoaeetate, and 4-5 grams (1 mol.) 
of etlivl /8-aminocrotonate was heated at 120° for several hours. 
After two days, the viscous mass was dissolved in an equal volume 
0 f hot alcohol and left to crystallise. The product, after recrystal- 
lisation from ethyl acetate, was identical with the ester just 
described, the yield being 3'2 grams, or 217 per cent, of the 
theoretical. 

The hydrochloride, C, 1 H., 8 0 4 N 2 ,HC1, prepared by dissolving the 
substance in dilute hydrochloric acid, separates as a fine, white, 
crystalline powder, especially on dilution with water. It was 
rashed with water and alcohol, and dried in a vacuum ; 

0 1827 gave 0-4130 CO, and 0 1257 H,0. C = 61'fi; H = 7’63. 

0-1613 „ 9'4 o.e. N, (moist) at 14° and 751 mm. N=6'85. 

0-1466 „ 0-0527 AgCl. Cl = 8-00. 
i 1 H» s 0 1 N,,HCl requires C = 61‘68 ; H = 7 09; N-6-85; C1 = S 6S 
per cent. 

It melts at 201°, and, when heated above its melting point, 
•apidly decomposes, yielding dimethylaniline among the products. 

kethiodidc, C 2I H 2S 0 4 N 2 ,CH 3 I. — A mixture of the substance with 
ixcess of methyl iodide in acetone solution was gently heated for 
i short time over a water-bath. The clear, hot liquid was then 
poured into an evaporating basin and stirred with a glass rod until 
the mass solidified. The crude riiethiodide was washed with acetcce 
and purified by crystallisation from hot acetone, and finally from 
ethyl acetate. It melts at 182 — 183° : 

0-1532 gave 0 2892 CO, and 0-897 H,0. C = 5h48; H = 6'o0. 

0-2052 „ 0-0952 Agf. 1^=25 06. 

C., 1 H, e O J N,,CHjT requires C - 51 -36 ; H = 6 03; 1 = 247 per cent. 


Ethyl i-\)-Dimethy/(Miinoj)henyl-'2 : G^limcth ylpyridine- 
dicarhoxt/late, 

A mixture of 37 3 grams of the dihydro-estcr and 3 2 grams of 
sublimed sulphur was gently heated at- 150°. The mixture melted, 
and hydrogen sulphide was rapidly evolved, the heating being con- 
tinued until the liquid became clear and free from gas bubbles. 
11 hen cold, the mass solidified, and was dissolved in boiling alcohol, 
Horn which it crystallised on cooling. The crude crystals were 
treed from any uncombined sulphur by dissolving them in excess 

G 2 
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of dilute hydrochloric acid and filtering. The ester was preeipj. 
tated as a white, flocculent mass from the acid solution by moans 
of sodium carbonate solution. It was washed with water and re- 
crystallised from alcohol, and finally from light petroleum. Tfig 
yield was almost quantitative. The ester is readily soluble in 
benzene, ether, chloroform, or hot alcohol, sparingly so in warm 
light petroleum, and melts at 124*5° : 

0*1853 gave 7*65 c.c. N 2 (moist) at 3° and 778 mm. N = 7*(io. 

CojHojO.,!!, requires N = 7*57 per cent. 

Hydrolysis . — Fifteen grams of the ester were mixed with 30 
grams of potassium hydroxide dissolved in 100 c.c. of alcohol, and 
the mixture was heated to boiling under a reflux condenser for 
several hours. On cooling, the potassium salt separated out in fine 
crystals, which were collected and quickly washed with a little 
absolute alcohol, aud dried in a vacuum. A further yield was 
obtained from the filtrate on concentration. The potassium salt 
is yellow and very deliquescent in air, changing to a deep yellow 
mass. It is sparingly soluble iu boiling alcohol. The neutral 
aqueous solution is deep yellow, hut the addition of either add or 
alkali instantly destroys the colour, which can, however, be restored 
by the careful neutralisation of the excess of acid or alkali. 


Chemical Department, 
King’s College, 
London. 


[Received, November 23rd, 1919,] 


XVII .— Constituents of the Leaves of Helinus ovatus. 

By John Augustus Goodson. 

Helinus ovatus, E. Meyer (Nat. Ord. Rhamnacwe), is a climbing 
shrub indigenous to South Africa, where it is found growing <m 
the borders of woods and thickets. No species of this genus, wlnct, 
according to Oliver (“Flora of Tropical Africa”), is confined to 
Africa and India, appears to have been examined previous)', 
although the constituents of the genus Rhamnus, from which tie 
order is named, are fairly well known, including as they do sucl 
well-known drugs as cascara sagrada and buckthorn. 

The results of the present investigation show that H- «» 
contains aconitic acid, quercetin, a saponin, and scylhtoi. 
last-mentioned substance was first isolated from certain pis 
stomous fishes, including the spur dogfish, but has since e 
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found in a number of plants, such as the acorns of the common oak 
and the leaves of Cocos plumosa and C. nucifera. 

The occurrence of scyllitol, the second of the two known meso- 
inositols, in these plants is of considerable biological interest in 
view of the suggestion made by Winterstein, Contardi, and others 
(compare Posternak, Compt. rend., 1919, 169, 37) that phytin, 
which is believed to be the usual organic phosphorus reserve con- 
stituent of plants, is a masoinositol hexaphosphate. 

The material came from Komgha, Cape Province, and was sup- 
plied by Mr. I. B. Pole Evans, Chief of the Division of Botany, 
Union of South Africa, who stated that it is used medicinally by 
the natives, and is known locally as "soap-plant,” since the leaves 
have the property of yielding a lather when rubbed in the hands 
with water. 


Preliminary Examination.. 

The leaves contained 9'5 per cent, of moisture' and 9’ 2 per cent, 
of ash, of which 20'2 per cent, was potash (K»0), equivalent to 
1-8 per cent, in the leaves. 

No alkaloid or cyanogenetic glucoside could be detected by the 
usual reagents. 

The finely ground leaves gave the following percentages of 
extract on exhaustion in a Soxhlet apparatus with solvents in the 
order named: petroleum (b. p. 35- 60°). 2’2; ether, 2 3; chloro- 
form, 2’2; alcohol, 23'0. 


Isolation of Cert/l Alcohol. 

The petroleum extract consisted of brown, waxy matter, of which 
about one-third remained undissolved when digested with ether. 
This was boiled with alcoholic potassium hydroxide solution to 
remove traces of oil and wax. The residue left after removal of 
the alcohol was crystallised from ethyl acetate, and then melted at 
78°; a specimen of ceryl alcohol melted at 81° in the same bath, 
and a mixture of the two at 79°. (Found: C=82'0; H = 14-0. 
Ceryl alcohol, C s II ;i O [Henriques. Ber., 1897, 30. 14151, requires 
1-81 ’6; H = 14'2 per cent.) 

The remaining extracts were systematically examined, with 
resuits which showed that the quantity of plant available (650 
= rams ) couId best be dealt with by extraction with chloroform to 
•emove wax and resinous matter, and then in succession with 
uoohoi and water. 
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Examination of the Alcoholic Extract. 

The bulk of the alcohol was removed, and the resulting syrup 
set aside for some days, when it deposited a considerable quantity 
of potassium chloride. The filtrate was poured into about four 
times its volume of water, and treated successively with lead acetate 
and basic lead acetate. The lead was removed from the two pre- 
cipitates and from the filtrate by hydrogen sulphide in the usual 
manner. 


Isolation of Quercetin. 

The aqueous solution of the material recovered from the lead 
acetate precipitate contained a considerable amount of tannin. 
Extraction with ether removed a small quantity of a yellow sul> 
stance, probably quercetin (see below). The liquor was then 
acidified with hydrochloric acid, boiled to hydrolyse glucosides, 
cooled, and again extracted with ether, the extract yielding a 
yellow substance crystallising in rosettes of needles. This was 
recrystallised from a mixture of alcohol and chloroform, and then 
melted at 309°. On acetylation, it formed matted, colourless 
needles melting at 195°, and this melting point was not depressed 
when the substance was mixed with penta-acetylquercetin. The 
yellow colouring matter is therefore quercetin. 

The aqueous solution of the material recovered from the basic 
lead acetate precipitate also contained tannin, and a small amount 
of yellow colouring matter, which could not be obtained in a 
crystalline condition. 

The filtrate, after removal of the lead as sulphide, was concen- 
trated and extracted with butyl alcohol, which removed a saponin. 
The latter was purified by solution in water and precipitation with 
basic lead acetate, the lead precipitate being decomposed with 
hydrogen sulphide in the usual manner, and the filtrate evaporated 
to dryness under diminished pressure. The quantity of saponin 
obtained was so small that no further purification could be effected 
The material frothed strongly in aqueous solution, gave no com- 
pound with cholesterol in alcoholic solution, did not reduce 
Fehling’s solution, and was not haemolytic. It was hydrolysed bv 
boiling with dilute hydrochloric acid, the resulting solution yield- 
ing a small amount of apparently crystalline sapogenin oil extrac 
tion with ether. The residual aqueous solution reduced Fehlings 
solution strongly, but did not give a crystalline phenylosazone. 

The aqueous liquid, after extraction with butyl alcohol, was con- 
centrated under diminished pressure and set aside, when a further 
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quantity of potassium chloride separated. The filtrate yielded 
,/-phenylgtocosazone on treatment with phenylhydrazine. 


Examination of the Aqueous Extract. 

The aqueous extract was treated successively with lead acetate 
and basic lead acetate, and the two precipitates were collected. 


Isolation of A coni tic Acid. 

The lead acetate precipitate was suspended in water and decom- 
posed by hydrogen sulphide. The filtrate was concentrated under 
diminished pressure and -extracted with ether, which removed 12*6 
grains of a crystalline substance, corresponding with 19 per cent, 
in the leaves. 

This, on recrystallisation from water, formed minute prisms melt- 
ing at 191°, and gave all the reactions of aconitic acid, including 
that described by Taylor (T., 1919, 115 , 886). (Found: C =41 *3, 
41*4 ; H = 3'9, 3*6. Aconitic acid, C 6 II f ,O f) . requires C = 41 -4 ; 
■11=3*5 per cent.) 


Isolation of En/Ilitol. 

The basic lead acetate precipitate was decomposed in the usual 
manner, and the filtrate concentrated under diminished pressure, 
when slightly brown crystals separated. Two crops of the crude 
substance, amounting to 3 grams and corresponding with 0*46 per 
cent, in the leaves, were obtained. The product was purified by 
recrystallisation from hot water, from which it separated in 
anhydrous, monoclinic rhombs. (Found; C = 39'7, 40T ; II = 6 8, 
6*9. Scyllitol. C 6 H 12 O f( , requires C-4O0; JI-67 per cent.) 

The properties of the substance agreed closely with those recorded 
for scyllitol (J. Muller, Her., 1907. 40 , 1821, and H. Muller, T., 
1907, 91 . 1767; 1912, 101 . 2383). When recrystallised slowly 
from cold water, it separated in transparent, hexagonal prisms, 
which, on removal from the solvent, became opaque and friable 
owing to loss of water of crystallisation. Crystals freed as rapidly 
as possible from adhering mother liquor lost, on exposure to air, 
-4*9 per cent, of water. C fi TI 12 0 (! ,3II..0 requires H 2 0 — 23 1 per 
cent. 

IT Muller noted this change in crystal habit and transparency, 
but did not establish the fact- that, it is due to loss of water of 
crystallisation (T.. 1907, 91 . 1772). 
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When heated, the scyllitol obtained from H. ovatus leaves 
coloured slightly at 300°, darkened considerably at 320°, and melted 
and effervesced at 353°, as recorded by a mercury thermometer. 

J. Muller (Joe. cit.) gave the solubility of scyllitol in water a s 
about 1 gram in 100 e.c. at 18°; the author finds a solubility 0 t 
1-03 grams in 100 grams at 18° for his specimen, whereas H. Muller 
(foe. cit.) gave it as 1'7 grams in 100 c.c. at 15°. 

Its identity with scyllitol was confirmed by the preparation of 
the hexa-aeetyl derivative, which melted at 291°. H. 11 tiller 
(loe. cit.) gives 290 — 291° (corr.). (Found: C=50-l; H=5'6 
Hexa-acetylscyllitol, C 6 H 0 (C,H 3 O) t O, ; requires C=50‘0; H = 5‘6 per 
cent.) 

The filtrate from the lead precipitates, after removal of the lead, 
contained merely inorganic salts. 

In conclusion, the author desires to express his warmest thanks 
to Dr. Henry for his advice and criticism throughout the course o: 
the work. 

Wellcome Chemical Research Laboratories, 

London, E.C. 1. [Received, January lfitft, 1920.] 


XVIII . — Contributions to t he Chemistry of the Terpenes. 
Part XIX. Synthesis of a m-Menthadiene from 
m-iso Cymenc. 

By George Gerald Henderson and Thomas Frederick Smeaton. 

Several menthadienes have been prepared by various synthetic 
methods, but none that belongs to the meta-series, and may there- 
fore be considered a derivative of ??i-?soeymene, had been synthe- 
sised until the problem was successfully attacked by W. II. Perkin, 
jun., and his collaborators (compare T., 1905, 87, 1083; 1907, 91. 
480; 1908, 93, 1876; 1910, 97. 2129; 1911. 99, 118). Sylvestrene, 
carvestrene, and the other meta-menlhadienes prepared synthetic- 
ally by these investigators contain one ethylenic linking in the 
nucleus and one in a side-chain, hence it appeared desirable to 
obtain a menthadiene of the meta-series containing two ethylenic 
linkings in the nucleus in order ho compare its properties with 
those of the corresponding para-mfenthadienes. 

Starting with w-isocymene, obtained by the action of phosphoric 
oxide on fenchone, we first prepared 7«-isocymene-6- sulphomcjvi 
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aud converted this into the corresponding phenol, 6-hydroxy-m-ijo- 
cymene, by fusion with alkali. The succeeding steps in the process 
\yhick was similar to that previously adopted by one of us for the 
synthesis of menthadienes from thymol and carvacrol respectively 
^enderson and Boyd, T„ 1911 99, 2159; Henderson and Schot^ 

r " 191 i’ 3) ’ , brl6fiy “ f0ll ° W3: W Preparation of 

/ft.meutnan-D-ol (l-methyl-3-?s&propylcyc/ohexan-6-ol) C H *OH 

from 6-hydroxy-m-isocymene by hydrogenation in the presence of 
active mckel. (2) Dehydration of the m-menthauol by heatins 
With oxalic acid, with the formation of a m-menthene (1-methyl 
3 - isopropylcy clohexene), C 10 H 1S . (3) Preparation of the 
.vHuenthene dibromido, C I0 H 18 Br 2 . (4) Conversion of tbe di- 
bromide into a m - menthadiene (1 -methyl -3 - isopropyWo- 
hexaaiene), by elimmahon of two molecular proportions of 

hydrogen bromide through treatment with alcoholic potassium 
hydroxide. 

It is evident that dehydration of l-methyl-3-wopropylcycfo- 
hexan-b-ol (I) might result in the formation of either 1-methyl- 
3-!iopropyl-i 5 -cycfohexene (II) or 1 methyl-3- 1SO propyl-A«-e Jo- 
hexeno (III). The dibromide of the former hydrocarbon would 
yield on treatment with alcoholic potassium hydroxide 1-methyl- 
3-wpropyl-A< «-cyc/ohexadiene (IV), whilst from the latter either 
of two Komerides, l-methyl-3- !s opropyl-Ai '.cyc/ohexadiene (V) or 
l-methylene-3-Mopropy]-A 5 -<y/ciohexadieiie (VI), might be produced 

in a similar manner. r 


CHMe-CUyCHPr' 
Cfl=CH— CH S 
(II.) 


CD Me— C H 2 — CHPr ‘ 
CH(OH)-CH 2 -CH 2 
(I.) 


£Me-CH 2 -CHPr 

ch-ch,--ch 2 

(III.) 


i 

pie-CUyCHPH 

CH-CHICH 

(IV.) 


CMe:CH-CHPr J 

ch:ch-ch 2 

(V.) 


t’H 2 X-CH r CHPr J 

CHIOH-CH, 

(VI.) 


irect evidence of the constitution of the hydrocarbon, C ln H, s , 
which we obtained from the »i-menthanol, is lacking, but its proper- 
ties are very similar to those of a m-menthene which was prepared 
by Knoeveuagel (Annalen, 1897, 297, 169) by heating l-methyl-3- 
toopropylc^cfohexan-5-ol with phosphoric oxide at 110—130° and 
should therefore be either l-methyl-3-«opropyl-A<-cyc/ohexene or 

l-methyl-3 isopropy]-A5. C ycfohexene : 


CH5Ie'CH 2 -CHPi # 
CH 2 -CH=Ch ' 


CHMe — CHj-CHPr 3 
CH 2 -CH(0I1)-CH 2 


CHMe , CH 2 'CHPr ? 
CHZACH— 6 h. 
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The physical constants of the two hydrocarbons are as follows: 

B. p. D. n„. M„. 


H. and S 167—168° 0-8222 1-46683 45-61 

K 167-168° 0-8197 1-45600 45-67 


Comparison of the figures suggests the conclusion that the sub- 
stances are identical, and therefore that the hydrocarbon which we 
obtained from l-niethyl-d-isopropylcyc/ohexan-fi-ol is l-methyl-3. 
4 sopropyl-A 5 -cycfohexene (IT)- If this is the case, the dibromide 
prepared from it is 5 : 6 -dibromo-l-methyl-3-fsopropylcyc/ohexane, 
and therefore the hydrocarbon, C 1( |II 16> which the dibromide yields 
on treatment with alcoholic potassium hydroxide, is in all proba- 
bility l-methyl-3-isopropyl-A 4 '°-cyciohexadiene (IV). The follow- 
ing evidence in support of this view may also be quoted. Harries 
and Antoni (Annalen, 1908, 328, 88) obtained a " dihydrocymene, 
C 1( jH ]Cl by distilling the phosphate of 1 : 3-diamino-m-menthane, 
which should be either A 4:li - or A 1;S -l-methyl-3-wopropylcyr/o. 
hexadiene. The properties of this hydrocarbon — boiling point 
172 — 1740 , D iw 0-8423, nil'' 147936— do not correspond at all 
closely with those of our w-nienthadiene, which are as follows: 
boiling point 169—171°, D® 0-8515, »sf 147270. Apparently, 
therefore, the latter is not the A 1 : ’-isomeride, whilst if the 
m-ment-hene from which it is derived has the A 5 -structure, as 
appears probable, formula VI is also excluded. 

Of the three possible formula; for the menthadiene. there is none 
in which conjugated double bonds are absent, and, indeed, the fact, 
that it is not capable of uniting additively with more than one 
molecular proportion of bromine, although containing two ethylenic 
linkings in its molecule, shows that it has this conjugated structure. 
Nevertheless, the value found for its molecular refraction was 
normal, instead of showing an exaltation, as might have been 
expected. At the same time, it should not be forgotten that, 
according to Auwers and Eisenlohr ( Her ., 1910, 43 , 80), the 
presence of conjugated ethylenic linkings in a compound can he 
established with more certainty from consideration of its molecular 

C 10 n„.~ 2 D? 0-8515. Df 0-8500. 

Molecular refraction. 


Line. n m . Found. Calculated. a. 

I) 1-47270 44-89 45-24 -0-35 

C 1-46964 44-65 44-97 -0-32 

O 1-48802 46-21 46-39 -048 


Molecular dispersion (M„— M, ) - 

Found. Calculated. 4 

1-50 1-426 0-134 

= 9-4 per cent. 
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dispersion than from the molecular refraction, and, as shown in 
the above table, the figures obtained for the m-menthadiene 
confirm the view expressed regarding its structure. 


E X P E R I MENTAL. 


Q-JIydrojy-m-isoci/m ene, 


CMe-CH-CPr’ 
C(0H):CII-CH • 


m-tsuCymene (l-methyl-3-tsopropylbenzene) was prepared from 
fenchone by treatment with phosphoric oxide, according to 
Wallach’s method ( Annalen , 1893, 275, 158), and converted into 
6-hydroxy-m-Kocymene by the process described by Kelbe 
(Annalen, 1881, 210, 30), with certain modifications. On warming 
with concentrated sulphuric acid, m-fsocymene yielded readily a 
mixture of m-tsocymene-6-sulphonic acid and ;n-docymene-4- 
sulphonic acid, the latter only in small proportions. The sulphonic 
acids were converted into their barium salts in the usual way, and 
the salt of the 4-acid, which is more readily soluble in water, was 
separated from the sparingly soluble salt of the 6-acid. The 
potassium salt of the 6-acid was obtained by heating the barium 
salt with a concentrated aqueous solution of potassium carbonate, 
and purified by crystallisation from water, from which it separates 
ill lustrous plates. Filially, the potassium salt was fused with six 
times its weight of potassium hydroxide, the fusion dissolved in 
water, the solution acidified, and the 6-hydroxy-m-fsocynieue dis- 
tilled over in a current of steam. From the distillate it was 
separated, partly by means of a tap funnel and partly by extrac- 
tion with ether, dried, and distilled (b. p. 231°). It is a colourless, 
refractive liquid, the vapour of which has a very irritating effect 
on the lungs. 


l-Mf.thi/l-3-koproi>i/hyclohe,ran-6-ol (I). 

The 6-hydroxy-m-fsocymeiie was converted into i-methyl-3-tso- 
propyln/cfohexan-6-ol by treatment with hydrogen in the presence 
of active nickel. In order to obtain the nickel in an active form, 
the hydroxide of the metal was precipitated by the addition of 
potassium hydroxide to a solution of the pure nitrate, the pre- 
cipitate washed exhaustively with water, formed into a paste by 
admixture of granules of pumice, and dried. The greater part of 
a long combustion tube was filled with the mixture, and the oxide 
of nickel reduced with pure hydrogen at 280°. The 6-hydroxy-m 
isocymene was placed in a boat in the front part of the tube, which 
was maintained at 170 — 180° while a steady stream of carefully 

O* 2 
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purified hydrogen was passed through. The hydrogenation pro 
duct distilled slowly into the receiver as a colourless liquid. 
Attempts to crystallise the compound from various solvents, or by 
cooling, having proved unsuccessful, it was purified by distillation 
under diminished pressure. 

l-Uethyl-i-wypropylcya\ohexan-&-ol is a colourless, somewhat 
viscous liquid with a pleasant odour. It is very sparingly soluble 
in water and readily so in alcohol or ether. Its physical constants 
are as follows: boiling point 119 — 121°/28 mm., 0*9156. 

1*46659, M d found 47-30, calc. 47-55. 


l-Methyl-3-isopropyl-\ 5 -cydohexene (II). 

In order to effect dehydration, the purified l-methyl-3-jsopropyl. 
cyeiohexan-6-ol was mixed with about twice its weight of finely- 
powdered anhydrous oxalic acid and boiled for several days in a 
flask provided with an air condenser until the process appeared to 
be completed. The contents of the flask were distilled in a current, 
of steam, when a clear, oily liquid passed over and floated on the 
surface of the aqueous layer. The distillate was saturated with 
ammonium sulphate and extracted with ether, the ethereal extract 
washed with water and dried over anhydrous calcium chloride, and 
the ether removed by distillation. The residual liquid was dis- 
tilled, and two fractions were collected, the larger one boiling at 
165 — 185° and the other at 185 — 205°. The latter was set aside 
for further treatment with oxalic acid, and the fraction which 
boiled at 165 — 185° was redistilled over sodium until a product 
of constant boiling point was obtained. l-Hfethyl-S-isopropi/l-tf- 
cyclo hexene is a colourless, mobile liquid with an agreeable odour. 
Tts boiling point is 167 — 168°/760 mm„ D® 0*8222, « D 1*45683, 
M d found 45*61, calc, for C 10 H 1S i~ 45*39. It is unsaturated, 
immediately decolorising solutions of potassium permanganate and 
of bromine. 


5 : i-Dibromo-\-mtthyl-i-Kopropylcya\ohexaM, 


CHMe-CHj-CHPb 

CHBr'CHBr'Cflj 


A cooled solution of bromine (1 mol.) in glacial acetic acid was 
added gradually to a solution of the m-menthene (1 mol.) in the 
same solvent, cooled with ice-water, and stirred continuously. 
After addition of the bromine, the solution was left for half an 
hour and then poured into ice-water. The <ft6romo-derivative 
settled down as a heavy, oily liquid, almost colourless, which was 
washed with water until free from acetic acid, and used for the 
next operation without further purification 
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l-Utthyl-Z-hopropyl-tf :6 -cyclo hexadiene (XV). 

^‘he dibromo-derivative was boiled for several hours under a 
vellux condenser with an excess of alcoholic potassium hydroxide 
until no further separation of potassium bromide took place, The 
mixture was then distilled in a current of steam, and the oily 
distillate separated from the water with the aid of light petroleum. 
The extract was washed with water and dried over anhydrous 
potassium carbonate, and the petroleum then distilled off. The 
liquid which remained was fractionally distilled over sodium in an 
atmosphere of dry hydrogen; no signs of decomposition were 
observed during the process, and the distillate was perfectly colour- 
less. After several fractionations, a product of constant boiling 
point was obtained. 

l-Ue.thyl'3-isopropyl-l 4 :0 -cyclo hexadiene (A 4:C -m-r nenthadiene) is 
a colourless, limpid liquid with an agreeable odour. It boils at 
169—171 °/760 mm., and ha9 D'^5 0-8515, n%j 1*47270, M D found 
44 - 89 , calc, for C 10 H 16 45*24. The hydrocarbon is unsaturated, 
at once reducing an alkaline solution of potassium permanganate, 
but is not capable of combining adclitively with more than one 
molecular proportion of bromine. With sulphuric acid, it gives a 
red, with sulphuric acid and alcohol a reddish-brown, and with 
acetic anhydride and sulphuric acid a violet, coloration. From the 
results of the determination of its physical constants, shortly after 
purification and again after an interval of seven days, it evidently 
undergoes change, probably polymerisation, on keeping. Thus the 
following results were obtained with a specimen which had been 
set aside for a week after purification: D'J 0-8G14, 1-47437, 

M n found 44*44. The m-menthadiene appears, in fact, to behave 
in a similar way to cyr/opentadiene (compare Auwers and 
Eisenlohr, loc. cit.). 

We take this opportunity of expressing our gratitude to Mr. 
W. 0. Birrell for valuable assistance in the experimental part of 
the work, and to the Research Fund Committee of the Carnegie 
Trust for a grant in aid of the expenses. 

• University or Glasgow. [Received, January 1 5th, 1920.] 
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XIX.— The Effect of a Change in Temperature on 
the Colour Changes of Methyl-orange and on 
the Accuracy of Titrations. 

By Henry Thomas Tizard and John Reginald Harvey Whistok. 

In a former paper (T., 1910, 97, 2477), one of us gave the results 
of quantitative measurements of the depth of colour of solutions 
of methyl-orange containing varying concentrations of hydrogen 
ions. The results could be quantitatively accounted for on the 
simple theory that methyl-orange was a (pseudo-) acid of a strength 
of about 4'2 x 10“ 4 at about 25°, and that the depth of colour of 
the red (umlissociated) form of the acid was 18’8 times that of the 
yellow dissociated form or acidic ion in solutions of the same 
strength. The calculation of the dissociation constant depends 
directly on the latter measurement, for (see previous paper) if a 
is the degree of dissociation of the indicator acid and C (l the depth 
of colour of the undissociated molecule compared to that of the 
dissociated molecule as unity, the colour of a solution containing a 
fraction a of the acid in the dissociated form is : 

C = C 0 (1 -«) + .. (1) 

and the concentration of the hydrions in the solution is given by 

G„ = K . - “ (2) 

a 

If C a and C are measured, a can be calculated from (1) and K 
from (2). A mistake in the value of C (l of course alters the calcu- 
lated value of K. 

The results recorded in the present paper agree at 25° very 
well with the older measurements in not too acid solutions. hen 
more acid is present, they are consistently lower. This may be 
partly due to the fact that a different sample of methyl-orange was 
used, but it is more likely that the depth of colour in the more! 
strongly acid (red) solutions was previously overestimated. This 
would mean that the value of K at 25°, calculated in the previous 
paper, was too high; present measurements give 3'8xl(H at 2o 
instead of 4'25 x H>- 4 . It is, naturally, difficult to compare 
accurately the depths of colour of solutions which differ m tint, 
even though the difference is very slight, as in the present case. 

The determination of the concentration of hydrions in aqueous 
solutions by means of “ indicators ” has been frequently used during 
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the last few years. It has been generally assumed that the effect 
of temperature on the depth of colour of solutions containing 
methyl-orange was practically negligible. It was pointed out, 
however, in a paper read before the British Association in 1912 
that this was probably not the case. There seems very little doubt 
that indicators in general use are pseudo-acids or bases. Now, the 
strength of pseudo-acids usually increases considerably with the 
temperature; in other words, their dissociation constants have a 
very high temperature-coefficient. The sensitiveness of an indicator 
depends, however, directly on its dissociation constant; if the 
constant increases, the indicator will become less sensitive to 
hydrions, and therefore the depth of colour in a solution of any 
definite hydrion concentration (within the range of sensitiveness) 
will diminish. A qualitative experiment shewing this effect is as 
follows: if an ^/200-solution of acetic acid containing methyl- 
orange is heated, the colour of the solution will change from orange 
to yellow, and increase again on cooling. 

Since no quantitative experiments have been made on the effect 
of temperature on the changes of indicators, it was thought advis- 
able to determine the depth of colour of methyl-orange in solutions 
of varying acidity at three different temperatures. The measure- 
ments were carried out exactly as before with a modified Donnan 
colorimeter constructed by Kohler in Leipzig. The colorimeter 
uibes were jacketed outside with tubes, through which a stream of 
water could he passed. The temperature of the solutions in the 
eiorimeter tubes was thus kept constant by siphoning water 
t trough the jacketed tubes from a reservoir kept at the desired 
timperature. The temperature inside the tubes was (at the higher 
imperatures) a few degrees lower than that of the bath, but could 
fasily be kept constant within 1 ° during the series of experiments. 

I The solutions of varying hydrion concentration were made by 
/mixing known quantities of equivalent solutions of ammonia and 
'acetic acid. These two substances are of practically the same 
strength, and, further, their strength, and especially that of acetic 
acid, alters only slightly with the temperature, as the following 
numbers taken from London's tables show : 


18° 2.i° 40" 

Ammonia 1-4 1-77 1-S7xl0~ 5 

Acetic acid 1-82 1‘8(> 1-81 x 10 5 


Now if we add r c.c. of ammonia to (say) 10 c.c. of an equivalent 
solution of acetic, acid, then if ' is less than 10, we have a solution 
containing (10 — z) equivalents of acid and z equivalents of salt, 
(ammonium acetate), which may be considered to be completely 
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dissociated in dilute solutions. Then if V is the (unknown) dilu. 
tion, the concentration of hydrions is given by 

K a x (concentration of acetic acid) — (concentration of acetion)* 

(concentration of hydrion) 

Hence 

c _ x (10 -£) = 1-8 x 10- 5 ( 10 -a) 

M ~ z z 

and is independent of T*, provided this is neither too small ]50r 
too large, and also of the temperature, since A'„ alters so little 
with the temperature. This is by far the easiest way of preparing 
solutions of any definite concentration of hydrions between 1(H 
and 10~ ! (the neutral point). 

It is not necessary to know the strengths of the acid and alkaline 
solutions absolutely so long as their relative strengths are known 
accurately. For this purpose, it is best to titrate the acid solu- 
tion directly against standard baryta, using phenolphthalein as 
indicator, and the ammonia solution, using methyl-red as indicator 
against a solution of hydrochloric acid which itself has been 
titrated against the same baryta solution. 

The effect of temperature on the “end-colours” of methyl- 
orange, that is, on the depth of colour in highly acid and in 
neutral or alkaline solutions (C H <10- 7 ), is practically zero. No 
difference in the depth of colour of the red add form could be 
detected when the temperature ranged from 10° to 40°; this 
means that whatever is the form of the undissociated acid which 
imparts the distinctive red colour to the solution, its concentration 
is altered very little with rise of temperature. The depth oi 
colour of the yellow (alkaline) solution, which one may suppose to 
contain only the ion, N(CH 3 ),-C ri H 4 -N:N-C fi H 4 -S0 3 ', appeared to 
increase slightly when the temperature was raised from 10° to 
40°, but the increase is within the unavoidable errors of measure- 
ment at these temperatures. The mean of many experiments gave 
17'5 as the molecular colour of the uudissociated acid, taking that 
of the yellow dissociated form as unity. 

The depths of colour of solutions containing concentrations of 
hydrions within the limits of sensitiveness are given in the follow- 
ing tables; from the results, the following values for the (apparent) 
dissociation constant of the indicator were obtained : 


Temperature 15 24° 37" 

K 2-7 3-7 5-2x 10 * 


The values for the depth of colour in the various solutions, calcu- 
lated from these numbers, are given in the third column of the 



OK THE COLOUR CHARGES OF METHYL-ORANGE, ETC. 153 

tables- The results previously obtained for 25° are included in 
the table for 24°. Tile agreement is very satisfactory, except in 
the more acid solutions; it should be remembered that the former 
results were all obtained in dilute solutions of hydrochloric acid 


Temperature, 15°; £=2-7xl0-‘; C 0 =17-5. 


Concentration of 
hydrions. 

1*3 xl0- j 

Colour 

(observed). 

Colour 

(calculated). 

5-9 „ 


1*12 

2-8 xlO"* 


1*35 

70 „ 


2-55 

1*6 xio-* 


4-38 

3-34 „ 


7-14 

101 

11-7 

U'0 

5*0 „ 


1-0 X10“ 3 


2-0 


3-7 . 


15-5 

16 4 

io xio * 


10 xio 1 

17-8 



Temperature, 24°; A'=3-7xl0-<; 6’,,= 17'5. 


Concentration 

Colour 


of hydrion. 

(observed). 

(calculated). 

0-16 xl0'« 

1*66 

1-68 

0-365 „ 

2-50 

2*48 

0-91 

4-28 

4-25 

2-15 

7-10 

7-06 

5-0 „ 

10 4 

10-5 

K X 10 ’ 

15-7 

10-0 

lO' 1 (A'/lO-HCl) 

174 

17-5 


• T., mo, 97, 2477, 


Previous 
measurements 
at 25°. * 

1 65 

2 41 
413 
703 

10-6 


18-3 


Temperature, 37°; £'=5*2x10-*; <? 0 =17*5. 


Concentration of 
hydrion. 

0-28 x 10“ 4 

Colour 

(observed). 

1- 90 

2- 01 

4-54 

Colour 

(calculated), 

1- 84 

2- 54 

4-84 

0 535 „ 

1-58 „ 

215 „ 

5-0 „ 


9-10 

10 x 10 5 

116 

140 

15- 4 

16- 3 

2-0 ., ' , 


3-7 „ 

10 xl0~ ! 

15-5 

10- 1 

17-5 

17-4 


n the diagram, depths of colour are plotted against concentra- 
'! on h y drions - The three curves represent the results at the 
fee temperatures chosen ; it will be seen that the effect of raising 
e , ^ em perature is to shift the colour curve to the left. The dis- 
sociation constant increases linearly with the temperature; extra- 
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polation gives the following values for the temperatures 10°, 25°, 
and 40° : 

Temperature 10“ -o 

Dissociation constant 2-1 3-8 5-5x10 4 

It can be easily shown (see equation 2) from these results that 
the concentration of hydrion necessary to produce any definite 
depth of colour is doubled by raising the temperature from 15 : 
to 40°. 

Discussion of Results. 

The very great temperature-coefficient of the dissociation constant 
of methyl-orange may be taken as strong evidence of the truth of 
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the modern theory that this indicator is a pseudo-acid. No other 
case in the literature of the subject ran be found of an acid of 
this order of strength (/i = 10- 4 ) increasing in strength appreci- 
ably within these limits of temperature. At the same time, it is 
necessary to reconcile this conclusion with the fact that the red 
colour of the undissociated acid form of the indicator does not 
change in depth when the temperature is altered. The obvious 
explanation of the high temperature-coefficient of the dissociation 
constant of pseudo-acids is that the equilibrium between the pseu e 
and true acid forms of the acid, which we may express by t 
formula. 


HXO ~ HOX, 
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alters considerably with the temperature. If this is true of 
methyl-orange, why does not the colour alter? The following 
seems to he a satisfactory explanation of this difficulty. Methyl- 
orange, or rather helianthin, is a sulphonic acid. If it were not 
a pseudo-acid we should therefore expect it to be a strong acid, 
comparable with sulphuric acid, with a dissociation constant of 
about 1. Assuming this, we may say that since its dissociation 
constant is actually found to be of the order 3x10-* (at the 
ordinary temperature), then the undissociated form of the acid 
must be an equilibrium mixture consisting almost entirely of the 
red pseudo-form (or forms) IIXO, whilst only a fraction, 
3 x 10' 4 , of it is in the yellow, “ true acid form ” IIOX. Increase 
in temperature to 40° means that this fraction is increased to 
o fixlO- 4 , without appreciably altering the proportion in the 
pseudo-acid form. Hence the colour remains practically unchanged. 

Since the depth of colour of methyl-orange in a solution con- 
taining an If 1 5000-concentration of hydrogen ions (C’ K = 10- 3 ' 7 ) is 
a'4o at 40° and 9'1 at 10°— an increase of 65 per cent, for a fall 
in temperature of 30° it is clear that if the methyl-orange method 
is employed for determining quantitatively the concentration of 
hydrions in a solution, it is important to keep the temperature 
constant during the measurements. The effect of a change in 
temperature on the accuracy of an ordinary titration is, however, 
only very slight. The concentration of hydrogen ions ill a solu- 
tion of a salt made up of a weak base and strong acid is approxim- 
ately 

/K«. 

V K v V 

where K„ and Ki are the dissociation constants of water and the 
base respectively, and y is the concentration of the salt in mols. 
per litre. 

The effect of the increase of the dissociation constant of methyl- 
orange with the temperature is that the concentration of hydrions 

indicated” is greater the higher the temperature. Since, how- 

e ' e \/ £■” also increases with the temperature, the two effects tend 

to cancel each other, and the accuracy of the titration is not 
impaired. Taking collidine (K b = 1*6 x 10" 7 at 18° and 3 x 10~ 7 
at 40 i ) as an example of a base for the titration of which methyl- 
orange is a suitable indicator, the concentration of hydrions at the 
"equivalent” point, if F = 20, is 4xl0- 5 at 18° and 7 x 10~ 5 at 
40 . The dissociation constant of methyl-orange increases from 
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3 X 10 -4 to 5'5 x 10~ 4 for this range of temperature, and the depth 
of colour of methyl-orange in solutions of the above concentration 
would be 3-0 at 18° and 2*8 at 40° respectively, a difference which 
is, of course, negligible. The accuracy of a titration in such cases 
depends mainly on quite other factors, chief of which is the effect, 
of a small excess of acid or base on the hydrolysis of the salt, and 
this depends only on the strength of the acid or base in question, 
and not at all on the indicator. In other words, a change in 
temperature, within reasonable limits, can never necessitate a 
change of indicator. 

We are much indebted to the Research Fund Committee of the 
Chemical Society for a grant which partly defrayed the cost of the 
colorimeter. 

Oxford. [Received, January Gth, 1920 .] 


XX . — The Rate of Decomposition of Malonic Acid , 

By Cyril Norman Hinshelwood. 

The experiments described in this paper were carried out with 
the object of obtaining information bearing upon recent views on 
chemical reactivity. The view of Mareellin and of Rice, that a 
molecule reacts when its energy exceeds the mean energy corre- 
sponding with the temperature of the system, was coupled by 
Lewis (T., 1916, 109, 796) with the hypothesis that the rate of a 
unimolecular reaction is proportional to the density of infra-red 
radiation of the frequency absorbable by the system. By intro 
ducing a term derived from Planck’s equation into the ordinary 
mass-action equation, Lewis obtained E =Nhv, where E/N — critical 
increment for one single molecule, A — Planck’s constant, and 
v=the frequency of the absorbed infra-red radiation. A detailed 
account of the radiation theory is given by Perrin (Ann. Phy*., 
1919, [«], 11, 5). 

In connexion with Rice's view, it is interesting to make measure- 
ments of the rate of unimolecular reaction in a system the energy 
content of which can be varied at constant temperature, for ex- 
ample, to compare the reactivity of a solid system with that ot 
the supercooled liquid at the 9ame temperature. If, moreover, 
a marked difference in reactivity is found between the two systems, 
the radiation hypothesis would lead one to expect a difference m 
their infra-red properties. Naturally, a unimolecular reaction 
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must be selected for investigation, in order that heterogeneity mav 
not complicate the problem. 1 ' 

Malonic acid was chosen for experiment, since at moderately 
high temperatures it undergoes a unimolecular decomposition into 
volatile products, namely, carbon dioxide and acetic acid The 
first part of the work was to measure the rate of decomposition 
of molten malonic acid above its melting point and the supercooled 
Kqmd below the melting point, and to compare the values of the 
velocity constant k for the supercooled liquid with the correspond 
ing values for the solid. If a large difference existed, it would be 
worth while looking for a difference in the infra-red properties of 
the acid in the two states. Actually, a well-marked difference is 
found in the rates, as the results will show 

The rate of decomposition of malonic acid was measured in 
glacial acetic acid solution by Lindner (SHzun qs b er K IU 

!['“■ I"?” 07 ’ “J to be unimole^ but 

the rate of decomposition of the acid alone does not appear to 
have been determined. 

The acid was prepared in the ordinary way from chloroacetic 
acid, and was twice recrystallised from pure ether Two pre 
parations melted at 133-9° (corr.) and 134-3° respectively, the 
melting point being difficult to determine with great predion 
owmg to incipient decomposition. (Values given in the literature 
vary from 131° to 134°.) 

The apparatus for measuring the rate of decomposition mano- 
mctncally is shown ,n Fig. 1. A is a glass bulb of about 20 cc 
capacity into which small quantities of malonic acid, usually 
about 20 milligrams, are introduced. C is a reservoir containing 
mercury or the manometer, whilst B acts as a trap, preventing 
mercury from C from entering the bulb .4. When the acid has 
been introduced into A and the mercury into C, the apparatus is 
ealed off at D. The decomposition bulb was heated either in a 
vapour bath or in an electrically heated and controlled oil thermo- 
stat. the arrangement of the apparatus when the vapour-bath 
was used is shown in the right-hand sketch of Fig. 1. The large 
g obs contains a liquid of suitable boiling point (bromobenzene, 

P pylene bromide, tetrachloroethane, xylene, amyl acetate, acetic 
anhydride, ethylene dibromide, amyl alcohol, and glacial acetic 
were employed). The decomposition bulb is joined by means 
,rr?i tUbing t0 the lon § manometer tube, which communi- 
in f Vi ./ , to a tube containing mercury. The 

temperat, readingS “ fo!lows - a 'constant 

a JL lr f bad , b “ n attained > the mercury had usually risen to 
P not far below the T-piece leading to the levelling tube. 
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The tap was opened and the pressure increased until the mercurv 
in the decomposition vessel reached a fixed mark between the bulbs 
B and C. As decomposition proceeded, the pressure required to 
bring the contents of A and B back to constant volume increased 
and measured the progress of the reaction. When connexion was 
first made between the manometer and the levelling tube, air 
bubbles were usually introduced. These were easily removed by 
pushing a long piece of fine capillary tube down the manometer. 
The thermometers were compared with a standard thermometer, 
and the bulb was always placed close to the acid in *4 . Care was 

Fig. i 



v 

i 



taken that the condenser runnings did not touch the thermometer 
or the bulb A. For the shorter experiments, this arrangement 
was very satisfactory, but for longer experiments, owing to baro- 
metric changes, the electrically controlled thermostat was prefer- 
able. The heating arrangement in this consisted of about a metre 
of "nichrome” wire with a resistance of 50 ohms wound on a mka 
frame and immersed directly in the oil-bath. It was connected 
with the 100-volt main in parallel with the motor driving the 
stirrer. The regulator was filled with quinoline. Auxiliary beat 
ing was provided by a Bunsen burner. The mean temperatiue 
remained very constant, but it was impossible to suppress a ra F ( 
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periodic fluctuation. As this amounted to about ±0-3° with a 
two-minute period, and this arrangement was only used with 
experiments lasting many hours, the regular variations were of 
no account. The manometnc readings were corrected for barn 
metric changes. 

At temperatures above the melting point, the amount of dry 
ing of the acid does not appear to influence the result nor were 
divergences shown by two separate preparations of malonic acid 
The following table gives the results obtained at different 
temperatures for the fused acid above its melting point and for 
the supercooled acid. It was found possible to keep it supercooled 
at 125°. 


Table I. 


/-time in minutes; p = pressure in mm. 


k = - log 


p*>_ 




Temperature 153*6*. 


t. 

V- 

k. 

6-5 

57 

0-0265 

1 0-0 

85 

0-0290 

14-5 

108 

0-0288 

29-0 

152 

0-0304 

100-0 

175 


Final 

175 



Mean value of 1c— 0-0287 


Temperature 1 36-4°. 


t. 

P- 

k. 

10 

37-0 

0-00568 

15 

53-0 

0-00559 

i 20 

67-0 

0-00545 

27 

87-0 

0-00547 

35 

108-0 

0-00549 

45 

131-0 

0-00549 

56 

155-0 

0- 00 55 8 

64 

171-0 

0-00566 

100 

223-5 

0-00585 

Final 

302-0 

Mean value of k _ 

-0-00558 


Other values obtained were: 


1 Per. — final pressure; 


Temperature 129-4°. 
Liquid supercooled. 


t. 

jo- 

k . 

20 

70 

0-00263 

35 

117 

0-00262 

52 

167 

0 00265 

68 

210 

0-00276 

82 

251 

0-00278 

100 

292 

0-00280 

120 

332 

0-00281 

135 

361 

0-00285 

166 

418 

0-00298 

195 

462 

0-00305 

Final 

615 


Mean 0-00279 


Temperature 

Mean value of fc 


153-2° I435' 142*3 J 134-2 : 

0-0279 0-0099 000947 0-00456 0 00397 
■ * Liquid supercooled. 


125-9° 

0-00204* 


In calculating k, the variation in the association of the 
*™ va I ,our wa « not taken into account. 


acetic 


aiLffh \ the dedmal ,0garithm of K ( = **m is plotted 
Cht I'" te T r ^ There IS re » u,ar deviation from a 


. logoffs. 0 04157(r- 100) -0-7778 

"■here T = temperature. 


( 1 ) 
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The following table shows the degree of validity of the 
expression : 


Temperature. 

153*6° 

153*2 

143*5 

142*3 

136-4 

134*2 

133*6 

129*4 

125*9 


K (calculated). 
28*2 
27*2 
10-7 
9*56 
5*44 
4*41 
4-16 
2*78 
1*99 


K (found). 
28*7 
27-9 
9*9 
9*47 
5*58 
4*56 
3*97 
2*79 
2*04 


It may therefore be employed to calculate K for the supercooled 
liquid at points not far outside the range of temperature actually 


Fig. 2. 



observed, so that comparison may be made between the behaviour 
of the supercooled liquid and that of the solid. 

The solid is much less reactive than the supercooled liquid, tie 
value of k being of quite a different order of magnitude. Jt must 
be stated at the outset, however, that k for the solid is a much less 
well-defined constant and difficult to measure accurately, since it 
appears to bo greatly influenced by traces of moisture and mode 
of preparation of the sample, which conditions are quit 
unimportant in the case of the liquid. 

It was hoped that by the use of small quantities and by work- 
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ing at temperatures above the boiling point of acetic acid, disturb- 
ances due to the condensation of acetic acid would be avoided. 
This was only partly realised. It was possible to measure the rate 
of decomposition of the solid acid over a considerable range, but 
not over the whole range, since at a certain point, depending on 
the temperature and the relation between the weight of malonic 
acid and the volume of the bulb, acetic acid began to condense 
and dissolve the solid. The very slow rate of reaction then 
increased, and the nature of the curve changed. Fig, 3 illustrates 
this point. The curves a and a' show the rate of decomposition 
of the solid at 125 * 9 ° and 116 - 5 ° respectively. Curve b shows the 
rate of decomposition of the supercooled liquid at 125 9° as actually 


Fig. 3. 



a. Solid at 125'9° b. Supercooled liquid at 125' 9° {experimental curve), 
a'. ,, 116‘5° b\ „ „ 1 16- 5 0 {calculated). 

measured, whilst curve b l shows that of the supercooled liquid at 
116-5°, calculated from the value of k given by equation (1). The 
rapid increase in rate of reaction when the acetic acid begins to 
condense and dissolve the malonic acid is observable in curve a. 
An exactly similar phenomenon was later observed in the case of 
a t but the scale of the diagram does not allow it to be shown. It 
will be seen, however, from the figures given below. 

\alues of k for the solid deduced from experiments of this sort 
would not be trustworthy. The following method was therefore 
adopted. Weighed quantities of malonic acid — from five to ten 
times the amounts used in the above experiments — were heated in 
vessels of accurately known volume. The initial rate of decom- 
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Temperature 125-9°. 



(a) Solid. 

(6) Supercooled liquid. 


p expressed as 


p expressed as 


percentage of 


percentage of 

t . 

final pressure. 

1. 

final pressure. 

90 

4-7 

22 

9-1 

150 

6-9 

26 

11*4 

210 

10-8 

44 

17-9 

270 

12-6 

60 

23*3 

750 

48-7 

75 

28-2 

870 

68-7 

103 

37-3 

990 

84-8 

121 

420 

1110 

93-4 

149 

50-3 

1230 

97-9 

170 

55*4 

1350 

99-5 

195 

60-9 

2500 

1000 

216 

65-3 



250 

71-0 



279 

75-4 



327 

81-8 



445 

92-0 



511 

97-1 



705 

100-0 



1365 

100-0 


Temperature 1 16*5°. 



(ai Solid. 

(6)' Liquid supercooled. 
Calculated from value 

/- v \ 

k - 0-00081 given by 


p expressed as per- 

equation (1). 


centage of final 

. ‘ N 

t. 

pressure. 

t. p. 

240 

1-2 

119 20 

300 

2-4 

274 -10 

511 

4-05 

491 ro 

1090 

9*5 

863 80 

1210 

10-7 


1390 

12-8 


1575 

15-0 


1725 

'l Solution in 
17-0 the acetic 


1948 

19-55 lacidaccom- 


2558 

29-4 ;-paniedbya 


2808 

34-7 1 rapid in- 


3030 

40 3 I crease in 


3200 

' rate. 

45-5 


3372 

53-2 


4001 

89-3 


4291 

96-1 


4686 

99-0 


5500 

1000 



position, conveniently expressed in c.c. of gas at N.T.F ■ 
per gram of malonic acid, could thus be measured without any 
reference to the later stages of the reaction. Little trouble was 
caused by acetic acid in these early stages. Slight acceleration 
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va3 still sometimes observed, due, presumably, to the retention of 
cetic by the solid. It was in all cases slight and easily 
Ijjninated by expressing the rate as a function of the form ax + h 
where a: = the amount of decomposition), a being quite small, 
pproaching zero, b , the true initial rate, was obtained without 
ppreciable error. In order to arrive at k from the initial rates 
has measured without making any assumptions as to the state of 
issociation of acetic acid vapour, etc., an exactly similar experi- 
jiejjt was carried out with the liquid acid, for which k was known. 
[q this way, the factor was directly obtained for converting 
initial rates'* into velocity constants. 


Temperature 132-2°. 


Time in minutes. 
2-0 
7-0 
12 0 
19-5 


Molten acid, k — 0 00364. 

A 

C.c. reduced to 
X.T.P. (assuming 
gas laws) ; calcu- 
lated on 1 gram 
of malonic acid. 

4o 

140 

23-8 

38-1 


that is, initial rate = 1-92 c.c. per gram per minute. 


An initial rate of 1*92 c.c. per gram per minute thus corresponds 
with /«:— 0 00364. 

The following rates were determined with the carefully dried 
solid from the same preparation, and although the actual values 
cannot be regarded as indicating more than the order, for the 
reasons given above, they are of some interest. 


Table II. 


Temperature 126-3 . 


Temperature 125-5*. 


Minutes. 

/. 

C.c. per gram 
of malonic 
acid. 

X. 

1 . 

.r. 

30 

4-9 

90 

12-0 

90 

12-4 

180 

20-8 

120 

16-4 

300 

35-7 

150 

19-7 

450 

54-7 

210 

270 

351 

("h = 

27-3 

38-4 

57-2 

0-134 

(r) 

- 0-117 

Wf/o 
' hence A ~ 

0-134 X 0-00304 

whence A 

0-117 x 0 00304 

192 


1-92 


« 0-00025 = 0-00022 
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Table II. (continued). 

Temperature 121-2°. Temperature 117-3° 



C.c. per graiu 
of malonic 



Minutes. 

acid. 



t. 

X. 

t. 

X. 

60 

1-8 

60 

1-9 

120 

3-5 

120 

2-8 

186 

5-4 

180 

4-1 

253 

7-4 

265 

6-5 

604 

20-6 

373 

9-7 



465 

12-8 

ii 

0-026 

(dx\ 
\dt /o 

r- 0-0215 

whence k = 

0-026 x 0-00364 

whence k 

0-0215 x 0-0( 

1-92 

1-92 

= 

0-000049 


- 0-000041 


Temperature 110-8°. 


t. x. 

130 1-04 

240 1-70 

42. i 3-39 


(£). “ 
whence k — 


0-0065 

0-0065 X 0-00364 
1-92 


- 0-000012 


Temperature. 

k for the solid 
acid. 

k for the super- 
cooled liquid. 

Ratio. 

126-3° 

0-00025 

0-00207 

8 

125-5 

0-00022 

0-00192 

9 

Rejected (121-2 

0-000049 

0-00127 

26) 

117-3 

0-000041 

000087 

21 

110-8 

0-000012 

0-00047 

39 


From the increase in the ratio in the last column, as the tempera- 
ture falls it appears that the temperature-coefficient for the solid 
is much greater than that for the liquid measured over the same 
range, so that, as the temperature decreases, the difference between 
the reactivity in the two states becomes more and more pronounced. 
One would expect the statistical energy-distribution curve of the 
solid to approach that of the liquid in the neighbourhood of the 
melting point. In criticism, it must be remarked that any impuri- 
ties, such as occluded solvent, would give rise to increasing amounts 
of liquid phase as the temperature approached the melting point 
This would lead to an unduly large temperature-coefficient, since 
the variation, due solely to iucrease in temperature, would be 
superimposed ou that due to the increased amount of liquid phase. 



decomposition of malonic acid. 165 

In view of the fact that the malonic acid was carefully purified 
and melted at the correct temperature, it is almost impossible that 
this would account for more than a small fraction of the increased 
temperature-coefficient. Otherwise visible amounts of liquid should 
have been observed at 125°, whilst actually no trace was noticed. 
Xevertheless, the criticism must be borne in mind until further 
experiments are made. 

The discussion of the bearing these results may have on the 
radiation hypothesis may he left until the study of the infra-red 
properties is completed. 

Iu conclusion, I have pleasure in thanking Mr. H. B. Hartley 
and Mr. D. H. Nagel for much help and advice. 

Physical Chemistry Laboratory, 

Balliol ahd Trihits; Colleges, 

Oxford. [Received, December I8//1, 191S1. 
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Organic Chemistry. 


Action of Selenyl Chloride on Unsaturated Compounds. 

Arko Holler (Client. Zeit ., 1919, 43, 843). — Preliminary qualita- 
tive experiments show that- selenyl chloride combines with unsatur- 
aied hydrocarbons and ketones to form well-defined, crystalline 
additive compounds which are somewhat unstable towards light and 
a ir and are readily decomposed by boiling water into selenyl 
chloride and the corresponding hydrocarbon or ketone. Thionyl 
chloride also unites with olefinic substances to give small amounts 
of deeply coloured additive products, but the reaction is generally 
uncontrollably violent, and the formation of by-products cannot be 
avoided. H. W. 

Removal of Aromatic Hydrocarbons from Mineral Oils 
by means of Trioxymethylene sulphuric Acid. Jbno 

Tausz (</• V r ' Chem., 1919, jii], 99, 276 — 280).— Nastkujoffs 
formolite reaction (A., 1904, i, 801) for aromatic hydrocarbons is 
also shown by dioleiines, such as methyl- and dimethyl-butadienes, 
which contain conjugated double bonds, owing to their condensa- 
tion to ring compounds under the influence of sulphuric acid. On 
the other hand, the reaction is limited in the case of aromatic 
hydrocarbons to those containing a hydrogen atom in the nucleus, 
since hexamethyi- and hexaethyl-benzenes do not answer to it. 
Aromatic hydrocarbons are usually completely removed from 
mineral oils by this method, or by Herr's modification (A., 1910, 
ii. 904) only after a repetition of the treatment, owing to gradual 
dilution of the sulphuric acid. The author overcomes this difficulty 
by the use of trioxymethylene in place of formaldehyde solution or 
methylal. [See, further, J. Soc. Chem. I ml., 1920, February.] 

J. K. 

Action of Fluorine on Organic Compounds. J3urr Humiston 

(•/. Physical Chem., 1919, 23, 572- -577). 'The action of fluorine 
on organic compounds is usually violent, leading to decomposition. 
Saturated hydrocarbons are ignited with incandescence and forma- 
tion of free carbon, carbon fluorides, and hydrogen fluoride. 
Filtchar’' charcoal is attacked at the ordinary temperature, a gas, 
iKui-liquefiable at -80°, being the chief product, accompanied by 
carbon tetrafluoride and tetrafluoroetliylene (compare Moissan, A., 
1890, 55). Selenium also yields as chief product a gas, which 
escapes liquefaction at -80° (compare Prideaux, T., 1906, 84, 
816). Acetone is ignited by pure fluorine, whilst, in presence of an 
indifferent gas, charring takes place and some tetrafluoroethylene 
is produced. An indefinite product containing some carbonyl 
chloride is obtained from chloroform. Carbonyl chloride appears 
0 be unattacked at 6°, but apparently some carbonyl fluoride is 

vol cxvar. i. 
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produced at 200°. No evidence could be obtained of a reaction 
with carbon monoxide. Carbon tetrachloride is only slightly 
attacked at the ordinary temperature, but tetrachloroethylene 
gradually blackens even at 0°, hexachloroethane being among the 
products. J • K. 

Tetrachlorodinitraethane. W. L. Am;o, E. M, James, 
and J. L. Donnelly (J. Physical Cheat., 1919, 23, 578 — 585. Com- 
pare Biltz, A., 1903, i, 417).— Tetrachlorodinitroethane is very 
soluble in liquid nitrogen tetroxide, and has pronounced toxic and 
lachrymatory properties. The optimum temperature for its pro- 
duction from dry liquid nitrogen tetroxide and tetrachloroethylene 
is 80°. [See, further, J. Soc. Ghent. Ind., 1920, 82a.] J. K. 

Preparation of Ethyl Alcohol. Ki-ektrizitatswerk Loxza 
(Brit. Pat. 134521). — In (he catalytic reduction of acetaldehyde to 
ethyl alcohol by means of hydrogen, the excess being returned to 
the operation by a circulating device (Brit. Pat. 120163), the pro- 
duction of ethyl ether as a by-product, and the gradual poisoning 
of the catalyst by the decomposition products of acetaldehyde, are 
avoided by circulating with the hydrogen an amount of oxygen not 
exceeding 0'3%. The temperature of the reaction chamber is main- 
tained between 90° and 110° by cooling, or preferably by using the 
hydrogen in such excess that it absorbs and removes the super- 
fluous heat of the reaction. Whereas without- the use of oxygen 
the yield of alcohol fell after thirty hours nearly to zero, an average 
yield of 95% of the alcohol theoretically possible was obtained in a 
run extending over two hundred and eleven hours, in which G'lo'i 
of oxygen was used. This beneficial effect of the oxygen cannot be 
attributed to the complete oxidation of carbon monoxide, methane, 
etc., to the presence of which the injurious effect on the catalyst is 
ascribed. G. F. M. 

Melissyl Alcohol and Melissic Acid. A. Heidcschki 
and M. Gareis (J. pr. deem., 1919, [iij, 99. 293 — 311).— Tie 
formula for melissyl alcohol has been considered by some workers 
to be GkjHjj-OH, by others C 21 H 61 -0!I. The authors have therefore 
prepared a series of derivatives of melissyl alcohol from carnauba 
wax and from beeswax, and confirmed the view of Schwalb (A., 
1885, 962) that the alcohols from these sources differ. The former 
has the formula C 30 Hjj-OH, whilst that of the latter is C 31 B c3 -OH. 
The melting points of their respective derivatives were as follows 
(those of carnauba melissyl alcohol being quoted first): acetal®, 
74° and 70°; benzoates, 69'5° and 66°; phthalates, 82° and 81‘5 V ; 
monochloroacetatcs, 79'5 S and 74°; phenyfarethaiies, 98° and 96 ; 
chlorides, 67° and 65°; bromides, G8° and 67°; iodides, 69'5° an“ 
68°. Carnauba melissyl alcohol on oxidation by Hell’s process (A., 
1884, 1433) gave a melissic acid, m. p. 90° (lead salt, 

m. p. 118°), whilst tile acid, C 31 H f ,.,0.,, from beeswax had m. p 
88-5° (lead salt, m. p. 115°). The latter acid was also obtained by 
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hydrolysis of carnauba melissyl cyanide, which in an impure 
condition melted at 75°. 1 

Stiircke’s observation (A., 1884, 1280) that carnauba melissyl 
alcohol is accompanied by an alcohol, C„H 56 0,m. p. 76°, was also 
confirmed. " J K 

Phytochemical Reduction of Ketones. Biochemical 
Preparation of Optically Active Secondary Alcohols 

C. Neuberg and 1. P. Noun (Her., 1919, 52, [7ll 2237 2248)—' 

The authors find that the phytochemical reduction of the ketonic 
group is frequently possible both with aromatic and aliphatic 
ketones, and leads to the production of the corresponding secondary 
alcohols. Hydrogenation is more difficult than with the aldehydes 
since it proceeds more slowly and less completely, and also requires 
more energetic conditions. The biological nature of the process is 
shown by the fact that the secondary alcohols are optically active 
aa asymmetric carbon atom being developed during the process! 
They have been isolated in tile chemically pure condition but the 
yields are poor (about 10%) and a considerable portion of the 
original material remains imattacked, and is subsequently removed 
by treatment with sodium hydrogen sulphite or hydrazine bases. 
They are not optically pure. Acetaldehyde is invariably also 
formed, the oxidative production of which is probably the comnle- 
mentary process of the hydrogenation of the ketone. 

The mixtures were generally made from conductivity water 

r ’ff) a ^°T;° ’ sucrose ( 2 ; 00 §■*»»), yeast (200 grams) and 
he ketone (10 la grams), and fermentation was allowed to proceed 
for three to six days, frequently followed by a second addition of 
suciose al >d yeast and renewed fermentation. In this manner 
methyl ethyl ketone yielded n'-methylethylcarbinol, b. p. 99—100° 

1“ ] d + 117 n no y r 'TTi ke lT S ave "-propylcarbinol! • 

f; l 9 ,’, C a !‘ : +6 ' 3 » JJ’ 0 0-S10, methyl n-hexyl ketone 

yielded rf-methylhexy Icarbinol, b. p. 177-179°, [ a ]« +2-85°, whilst 
d-melhylnnnylcarbmol, b. p. 228- -2‘>9° |„.- -Vafe , 

methylcarbinol, b. p. 2 ()oJ!o 04 o r«f* - l“fi V ' a “ d ^\ eUyl - 

, i , 1 ; ' > L°J» -noi , were prepared from 

methyl nonyl ketone aim acetophenone respectively. H. \V. 

Phytochemical Reduction of Diketones. C Neubeeg 
^aU^rr’tf 9 ', 52 ,’ f ," j - T 4S -- 254 - Compare preced- 
enat 1 hv j lT r, ■ U ? M> ” ’”1 that *“*‘7’ can ^ readily hydro- 
6 uted by biochemical methods, and that /-jSy-butvlene riycol is 

! n , yle d ' vhllsh 18 regarded as satisfactory when the diffi- 
of the t T t if® take “ 1,110 “"^deration; the optical activity 
Wfi Jrt\ 1S , he more 'emarkable, since Harden and Walpole 
t to ! 6 TT 0f baCtena 0,1 a carbohydrates 

Under ■ tUle ot lhe ra “ mlc aml meso-forms of the 'glycol 
^der simdar crcumstancrs, benzil yields benzoin, which fn the 

'benzoin P A?t y 1,111 which contains small amounts of 

i n „ vlvenl ' ttem P ts to reduce benzil or benzoin to the correspond- 
S lyeo1 were unsuccessful. H W 
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Addition Catalysis by means of Dietbylox.onium Salts, 

Et^.Q^'ll. Ossian Asciian ( ilcdd . K. Vetenskapsakad. Nobel. 

Inst 1919 5 No. 8, 1—32).-- Reference is first made to the use of 
ethereal solutions of hydrogen chloride in the synthesis of hydro 
chlorides in the terpene series (compare A., 1916, l, 51), and it is 
pointed out that without the use of ethyl ether as catalyst tertiary 
pinene hydrochloride {Of vers. Fin ska let-Soc. fork., 1914 1915, 
57 r II No 1) could not, have been prepared. The results thus 
obtained with the ether-additive product of hydrogen chloride led 
the author to investigate the addition of water to uusatu rated 
compounds by means of a mixture of absolute ether and sulphuric 
acid luonoliydrate. When this mixture is made there is a large 
development of heat, and when the two components are in equiva- 
lent quantities the resulting mixture is much more viscous than 
the sulphuric acid. It is concluded that diethyloxouium sulpha c 
OHEtvOSCVOII, is formed, although neither it nor a salt could 

bS The Method of experiment was generally to dissolve the sul- 
phuric acid nionohydrate in the molecular quantity ot ethy ether 
or if necessary, in an excess of ether, well cooling meanwhile, and 
then add the uusaturated compound m small portions at a tune, 
again well cooling. In some experiments a further quantity of 
water was added to the sulphuric acid nionohydrate. After keeping 
for some time the resulting mixture was poured into an excess ot 
sodium carbonate solution and the products isolated by steam distil- 
lation and subsequent fractionation. 

The normal reaction would be represented by the equations. 


Vk h 

Ev N> 


+ 1! <ch " Et2 ° + K< '6tI-0-S0. 2 .UU{Na) "" J 


^O-SO-pUll "CH ' b 


+ NallSO,, 


tne alcohol being produced, but in some cases, possibly when the 
reaction mixture is poured into the sodium carbonate se nt, on, 
fission of water takes place with reproduction of the origins 1 (on 
pound or an isomeride; di- and poly-terpenes may also be mod red 
1 Camoheue hydrate and santenol, which are among the ie- 
sensitive alcohols, arc the main products of reaction from ^ e f 
and santene, but some of the original substances are re-forme , 
either as such or as diterpenes. The more sensitive alcohols 
should result from such substances as pinene, k 

not produced, either the original compound being re ' fo ™®“ ® 
a polymerisation product obtained. In the case of 
butylene, the dipolymeride, diamylene, is readily obtained 
almost pure condition, together with smaller quantities o 

, '°Absolute°ethyl ether and colourless concentrated nitric acid, 

mixed in small quantities, give a mixture, which is stable 
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sbort time. Diethyloxonium nitrate may be present in such a 
mixture. T. S. P. 

Kephalin. VII. The Glycerophosphoric Acid of Kephalin. 

p A. Lkvene and Ida P. Rolf («/, Biol. Chem., 1919, 40, 1 — 16). 
—The generally accepted formula of kephalin presumes the exist- 
ence of glycerophosphoric acid in the molecule, hut the experi- 
mental evidence produced so far in support of this supposition is 
not convincing. The presence of glycerol in kephalin has been satis- 
factorily demonstrated (Foster, A., 1915, ii, 493). Theoretically, 
there are only two alternative ways in which glycerol may be 
attached to phosphoric acid, either directly with the formation of 
glycerophosphoric acid, or indirectly with the glycerol attached to 
the aininoethyl alcohol. If the latter condition existed, the amino- 
group of the kephalin molecule would not be free. Since it has 
l)K-u experimentally shown that the amino-group is free, it follows 
that the presence of glycerophosphoric acid in kephalin could have 
been accepted before the substance was actually isolated. 

The glycerophosphoric acid isolated from the hydrolysis or 
kephalin possesses an optical rotation of the same magnitude as the 
acid from lecithin, namely, [a]p =-0'69°. This work establishes 
the fact that glycerophosphoric acid exists in kephalin. ami that 
the acid is identical with that present in lecithin. The crude 
barium glycerophosphate from kephalin shows dextrorotation, 
which may account for the statement made by Frankel and Dimitz 
(A., 1909, i, 870) that the glycerophosphoric acids present in lecithin 
and kephalin are optical isomerides. The authors have now 
shown, however, that on purification the dextrorotation is lost. 
It is probably due to admixture of the barium glycerophosphate 
with a dextrorotatory product of intermediary hydrolysis. The 
author? are unable to confirm the observations of Willstatter and 
I.iidecke, who stated that the optical rotation of the glycerophos- 
pliovie acirl from lecithin differs according to the mode of prepara- 
tion. The maximum rotation for the glycerophosphoric acid from 
lecithin is found to be [a]j? - 0'74 c , a value lower than that 
recorded by Willsliitter and Liidecke (A.. 1901, i, 1067). 

J. C. D. 

The History of Zeise’s Mercaptan and its Name (1833). 

Pail Dieroart (.7. pr. Chan., 1919, [ii], 99, 281 — 292) . — Histori- 
cal- J. K. 

Preparation of Ethylene Ethylidene Disulphide. Oskar 

Hatter (T).R.-R. 313650 ; from Chem. Zentr.. 1919, iv, 617—618). 
—When the amorphous ethylene sulphides, (C,1I 4 S) / . in. p. 145 c 
and 176° respectively (prepared by the action of ethylene chloride 
or bromide on aqueous or alcoholic solutions of alkali sulphides), 
are heated almost to dull redness in the absence of air, the main 
ioytion distils as ethylene cthi/lufene snip)/ vh\ leaving only an 
^important charcoal-like residue. Decomposition occurs more 
moothly when a solid substance, such as a metallic sulphide, is 
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added to the ethylene sulphide and when a slow current of hydro- 
gen sulphide is sent through the apparatus. After being frozen 
out, the crude material is purified by passage through a tube loosely 
packed with fragments of porous pot and heated at about 300°. 
The vapours are collected in a well-cooled receiver. Ethylene 
ethylidene disulphide, after being shaken with aqueous alkali, is 
obtained as an almost colourless liquid, b. p. 172 173°, which is a 

good solvent for organic substances and may serve as a basis for 
pharmaceutical preparations. H. \V, 

Volatility with Steam of Lower Fatty Acids in Dilute 
Aqueous Solution. Edgak .T. Witzkmans (J. Amer .. Chevi. Soc, 
1919. 41, 1946 — 1951). — The volatility in steam of formic acid, acetic 
acid,’ propionic acid, and butyric acid has been examined by distil- 
ling’ equivalent solutions (about 1%) and analysing the distillates. 
The volatility is shown to increase with increasing molecular weight. 
Thus the first fraction (20 c.e.) to distil over contains 6'92% of the 
acetic acid, 3’91% of the formic acid, 12'4% of the propionic acid, 
and 19-5% of the butvric acid, whilst the residue (15 c.c.), after 
distillation of 180 c.c..' contains 36'8% of the formic acid, 18'6% of 
the acetic acid. 5'7% of the propionic acid, and 1'4% of the butyric 
acid. This behaviour is explained as due to the hydration of the 
acids to form stable complexes, which lower the vapour pressure 
of the solution. The. addition of potassium chloride or magnesium 
chloride to solutions of formic or acetic acid increases the volatility 
of the acids. The increase in volatility depends on the concentra- 
tion of the salt, and also on its nature. Thus 0’5.V-potassuim 
chloride has about, (lie same effect as 0-2J-magnesium chloride. 
Using a series of salts in 0’2o.lf quantities in formic acid solution, 
the volatility in steam is increased in every case, the order being 
an increasing volatility with decreasing electro-affinity of the 
metallic ion of the salt for the chlorides of potassium, sodium, 
barium, strontium, calcium, magnesium, and aluminium. The 
chlorides of iron, manganese, and copper are irregular in their 
action. *■ 

The Chlorination of Methyl Formate and Chloroformate. 

V. Grigxahd, G. Rtvat, and En. Ukbain ( Compt . rend., 1919. 
169, 1074 -1077. Compare Kling, Florentin, Lassieur, and 
Schmutz, this vol., i, 8). — Light exerts a marked influence on the 
chlorination of methvl chloroformate. Tn diffused light it is only 
the chloromethvl ester which is formed, bright sunlight being neces- 
sary for the formation of the di- or tri-chloromethyl esler. In ultra- 
violet light the tfichloro ester is easily obtained. The effect ot 
temperature is such that up to 110 — 112° the chlorination pru 
ceeds smoothly, but at 113—114° it slackens very noticeably ana 
at 117° decomposition begins to take place with the formation o 
carbonyl chloride. 

Catalysts, snch as ferric chloride, antimony chloride, e c., a 
beneficial at first in the formation of the dichloromethyl ester, 
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"■hen a certain, concentration is reached decomposition commences 
w d may continue indefinitely, as some of the perchloride becomes 
dissolved m the liquid and continues its action. W. G 

The Chloro derivatives of Methyl Formate and Methvl 
Carbonate. V. Grignard, G. Bivat, and Ed. Urrain IComnt 
n«d-, 1919, 169, 1143-1147. Compare this vol, i, 8, and prt 
ceding abstract).— A study of the properties of the chloromethyl 
chloroformates and of chloro-derivatives of methyl carbonate 3 

Chloromethyl chloroformate, C1C0,-CH„C1, is a lachrymatory 
liquid and has b. p 106-5°, D» 1456, n~ f 42857. Dichloromethyl 
chloroformate is a lachrymatory liquid, b. p. 46°/62 mm. and 111 0 
l> i; 1'558, flu 1'44322. Tridiloromethyl chloroformate is less 
lachrymatory but more suffocating than the two preceding esters 

and has b. p. 125 — 126°/748 min., D 13 1-644, ri~ 1 45664. ’ 

By moderate chlorination of methyl chloroformate in diffused 
sunlight tricMoromr.thyl carbonate, b. p. 138° D 25 ' 5 1297 

«f H1160, is obtained as one of the products. ’Dichloromethyl 
methyl carbonate has b. p. 48 — 1!)°/18 mm., O 17 1 412, 1-42852 

Chloromethyl dichloromethyl carbonate, one of the products of the 
more intense chlorination of methyl chloroformate, has b p 96°/ 
45 mm. and 177—179°, D» 1*5331 »'~ M5414. Methyl trichloro- 
methyl carbonate has b. p. 59-5-60°, 16 min. and 161—163° 
I) 1 - 1-525, rry 141961. s -Tctnichloromc/b/jl carbonate, b. p 83°/ 
19 mm. or 93-94° .'20 mm., D IS 1-630, »g 1-46306. is one of the 
products of the chlorination of methyl chloroformate in a leaden 
vessel. By carrying the chlorination still further, hexaehloro- 
methyl carbonate, m. p. 79°, is obtained. -\y (j 


Properties of the Chloromethyl Chloroformates. Asdr* 

Kljng, D. Florentine A. Lassieur, and E. Schultz (Comvt 
rend, 1919, 169, 1166—1163), -A study of the physical and 
chemical properties of the mono-, di-, and tri-chloromethyl chloro- 
foi mates. « 


The purest specimen of chloromethyl chloroformate contained 
8 6% of the dichloromethyl ester. It had b. p. 52 a — 53°/100 mm. 
and 106-5 107°/ 700 mm., I) 1, l'46o. U is both lachrymatory and 
suffocating. It is quantitatively decomposed by water according to 
the equation CHXVCILCl + H.O - ll-CHO-f CO, + 2HC1. With 
alcohols it gives the corresponding mixed chloromethyl carbonates 
and with sodium phenonide it gives phenyl chloromethyl carbonate, 
If • r ^ inm> » 1 Anhydrous aluminium or ferric 

emonde decomposes chloromethyl chloroformate at 70° giving 
carbonyl chloride. * ® 6 

n?’ C ^o°™ ethyl chloroformate llas b - p. 54— 55°/100 mm. and 
- 1 /t00 mm., I) 1 -' l'ofiO. On hydrolysis it yields carbon 
monoxide carbon dioxide, and hydrogen chloride. With alcohols 
, gives the mixed dichloromethyl carbonates, and with sodium 
L P he, '!> 1 dichloromethyl carbonate, m. p. 14'5°, b. p. 

1 -l~12a 0 ,' 14 mm., IB 3 ] -34, ’ h 
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Trichloromethyl chloroform ate has b. p. 49°/50 mm. and 1270 ; 
750 mm., D 15 1-653. Its general properties resemble those of car. 
bonyl chloride. On hydrolysis it gives carbon dioxide and hydrogen 
chloride, and with aniline water it yields s diphenylcarbamij e 
With alcohols it gives the mixed trichloromethyl carbonates, and 
with sodium phenoxide yields phenyl trichloromethyl carbonate , 
m. p. 166°. 

Anhydrous aluminium or ferric chloride decomposes it, giving 
carbon tetrachloride and carbon dioxide. W. G. 

^Determination ol the Position o! the Double Linking 
and its Transposition in some Unsaturated Compounds. 

(Mt.le.) A. C. Noorduyn (Rev. trav. chim., 1919 , 33 , 317 — 344).— 
The method adopted was to convert the unsaturated compound into 
its ozonide and decompose this by boiling it with water, the result- 
ing aldehydes being, if necessary, oxidised to the acids for purposes 
of identification. Bv this method C.oldsobel's formula for ricinoleic 
acid, CH 3 -[Cn.,VCH(OH)-CH. ; -Cn:CII-[CH. 2 ] ; -CO.,H (compare A, 
1895, 81), has been confirmed. Further evidence in support of this 
was obtained by the ozonisation of castor oil and subsequent decom- 
position of the ozonide. One of the products of this action, after 
oxidation, was the glvceride of azelaic acid, 

C 3 H 5 (0'C0-[CH,] ; -C0,H)3, 

D 15 1-0377, n 1-4693. Similarly, undecenoic acid was shown to have 
the formula CHXH-[CH.,}pCOJI, and one of the products of 
decomposition of its ozonide was the semi-aldehyde of sebacic acid, 
m. p. 126°, giving a semicarbazorie, m, p. 168°. 

Three unsaturated hydrocarbons, octylene, decylene, and hepta- 
decylene, were prepared by the method of Grosjean (compare A., 
1892, 691) by heating the barium salt of the next higher acid with 
sodium ethoxide, and it was shown by the ozonide method that the 
products, in every ease, were mixtures of isomeric hydrocarbons. 
Similarly, the 6 -octylene of Kahlbaum, prepared by the action of 
zinc chloride on secondary octyl alcohol, was shown to be a mixture 
of isomerides. 

By the fusion of oleic acid with potassium hydroxide there is 
formed not only acetic and palmitic acids, hut a number of higher 
homologues of acetic acid and lower homologues of palmitic acid. 
Under similar conditions claidic acid also gives a mixture of acids. 

W. G. 

Ghedda or East Indian Wax. II. Its Acids, A. I.ipp 
and Eugev Kovacs (J. pr. ('hem., 1919, [ii], 99. 243 — 255. Com- 
pare A., 1912, i, 675). — The residue of potassium salts, after 
removal from the wax of alcohols and hydrocarbons in the manner 
previously described, furnished a mixture of acids, of which one 
was sparingly soluble in ether (see following abstract). From the 
remainder, after removal by steam of small amounts of formic and 
butyric acids, margaric acid and a previously unknown hydroxy- 
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!)ial garic acid were separated by fractional extraction with light 

petroleum. 

If i/Jroxymargaric acid, C 17 H M 0 3 , in. p. 58°, could not be distilled 
under reduced pressure. It was characterised as a normal acid by 
conversion into margaric acid through the action of hydriodic acid 
successively at 100° and at 200 -220°. The intermediate iodoinar- 
earic arid was only obtained impure in the form of needles, m. p. 
41-5° J- K. 

Ghedda or East Indian Wax. III. Hydrocarbons and 

Acids. A. Lipp and E. Casimir (/. pr. Ohcm., 1919, [ii], 99, 
256 -258). — The wax contains approximately 48% of ceryl alcohol, 
;s' 0 f hydrocarbons (5% of hept-acosane, 2% of hentriaeontane, with 
traces of a hydrocarbon of low melting point), 24 — 25% of hydroxy- 
inargaric acid, m. p. 55 — 56° (see preceding abstract), 1'5 — 2% of 
an isomeric hydroxymargaric acid, m. p. 71—72°, 9—10% of 
margaric acid, 8 — 9% of palmitic acid, 2% of “ Ghedda ” acid, and 
pv 0 { cerotic acid with traces of formic, acetic, and butyric acids 
and tarry matter. Cerotic and ghedda acids are present mainly in 
the free condition, the others in the form of their ceryl esters. 

• Ghedda” acid, to which the formula C 34 H cs O, is provisionally 
ascribed, m. p. 94'5 — 95°, forms mossy aggregates of white needles. 
Its sparing solubility in ether and that of its potassium salt in 
alcohol permit its separation from the- other acids present. It 
differs from melissic acid, but is possibly identical with an acid 
obtained by Schalfeieff (this Journ., 1877, i, 454; compare, how- 
ever, Nafzger, A., 1884, 1297). 

Ilydrorgmargaric acid , C l; H M 0 3 , m. p. 71—72°, forms needles or 
leaflets, and was isolated from the last light petroleum extracts 
of the mixed acids (see preceding abstract). Its calcium salt, 
Ca(C ]7 II 3: .0 3 ) 2 , forms small, spherical nodules. 

The hydrocarbon previously described (Lipp and Kuhn. A., 1912, 
i, 675) as C ;i ,II,o , m. p. 70°. is now found to have m. p. 68 — 68'5°, 
and considered to be hentriaeontane, C‘ 31 II W , from its resemblance 
to the hydrocarbon obtained by KralTt from palmitone (A., 1882, 
1272) and its identity with that prepared by Popp (Dies., Tech, 
liochsclndc, Munich, 191G), by reducing myrieyl alcohol, which, on 
the other hand, he oxidised to melissic acid, at the same time estab- 
lishing the formula C 31 II f>2 0. ; for this acid (but see Heiduschka and 
ftareis, this vol., i, 134). Also the hydrocarbon, C 2S H M , m. p. 
38°, is now found to have m. p. 59'5°, and considered to be hepta- 
eosane, t'-Ib,-, from its similarity to the hydrocarbon obtained 
bom myristone by Krafft (toe. eit.). J. K. 

Crystallographic Investigation of the Dichlorosuccinic 

Acids. G. Aju.voff (Arkie Kem. Min, Givi, 1917-18, 7, 

h’o. 9, 1 — 11).- -The optically active dichlorosuccinic acids have 
m, p. 166—167° and If 15 T820. They are monoclinic-splienoidal 
[m : ft :c— 23351 :1 :2'3754, and 0-lOl°3O'j. Twinning takes place 
al ™g the plane c { 00 1 ) , cleavage parallel with x{ 101 }, and optical 
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extinction parallel to the edges [(100) : (001)] and [(001) : (Oil)]. 
The plane of the optical axis is parallel with 6 {010}. 

The racemic acid has m. p. 174—175° and D 15 1'844. The crystals 
are monoclinic-prismatic, [a: b :c=0'5846 : 1 :0'5994 and (3= 
100°46'1. Cleavage takes place parallel to the axes *{101} and 
6(010} , and optical extinction parallel with the edges [(100) : (001)j 
and [(001): (010)]. The optical axis is parallel with 6 {010}. It i s 
not certain from the results whether the racemic acid is a true 

mcsoDichlorosuccinic acid has m. p. 217 — 218°. The crystals are 
monoclinic and needle-shaped, but they were not well enough 
developed to determine the crystallographic constants. T. S. P. 


Apparatus for the Electrolytic Decomposition oi Organic 
Acids at Low Temperature and with Small Volumes oi 
Licruid Electrolytic Decomposition of the Alkali Salts 
Of Citraconic Acid. F. Hen-rich and Wiluelii Scbknk ( Ber , 
1919 52 [B], 2120 — 2125). — The apparatus consists of a small 
flask’ the bottom of which has been removed and the neck of which 
is provided with a cork holding a small inverted tube. The latter 
serves the two-fold function of diminishing the size of the apparatus 
to the required extent and of allowing efficient, cooling by the intro- 
duction of a stream of cold water into the tube. As anode, a stout 
platinum wire or, preferably, a platinum gauze, is placed in close 
proximity to the tube. The cathode consists of a piece of nickel 
aauze. The apparatus is conveniently kept at a temperature of 
25—40°. A gas-holder of the type 'previously recommended by 
Henrich (A., 1909, ii, 66) is used for collection of the anode gases, 
and arrangements are also described which permit the analysis of 
these gases at any desired moment. 

Electrolysis of concentrated, faintly alkaline solutions of potass- 
ium citraconate yields a mixture of oxygen, carbon dioxide, and 
allylene at the anode, the proportion of the latter increasing with 
increasing strength of current. Its production is also favoured by 
high concentration and low temperature, and is found to depend 
on the particular alkali salt used: the yields increase from lithium 
through sodium and potassium to rubidium, and then decline to 
csesium. The authors consider that this behaviour supports t is 
conception of Fichter and Krummcnacher (A., 1918, i, 369) that 
electrolytic decomposition of organic acids is an oxidation process 
rather than the purely ionic hypothesis of Crum-Brown and 
Walker. H ' W ' 


Electrolytic Decomposition of Glutacomc Acid. 

Henrich and A hole IIer/.oc (llrr., 1919, 52, f/i], 2126- -1 )• 
The electrolytic decomposition of alkaline solutions ot potass™ 
glutaconate in the apparatus described in the preceding a s rac 
leads to the formation of acetylene, acraldehyde, carbon monoxi ' 
and carbon dioxide at the anode, these appearing to e e 
products of the action ; the mechanism of the change has no 
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fully elucidated, but the results appear to support the oxidation 
theory of electrolytic decomposition advanced by Fichter and 
Kiummenacher (A., 1918, i, 369). XI. W. 

Glutaconic Acid. III. Condensation of Sodioformyl- 
acetic Ester with Cyanoacetio Ester. P. E. Vkrkade 
(feri. Ahid. Welensck. Amsterdam, 1919, 27, 1130 — 1139),—The 
product of reaction of these two substances is not ethyl a-cyano- 
glutaccnate, as stated by other workers, but probably ethyl uw'-di- 
cyano-1 : S-diinethylcycfobutane-u : a 1 : 2 : 4-tetracarboxylate. 

Chemical Abstracts. 


Preparation of Gluconic Acid. A. IIerzfeld and G. 
Le.vart ( Zeitsch . Ver. dent. Zuckerind., 1919, 122 — 1 ‘.>8 ) — Kiliani 
and Kleemann's method (A.. 1881, 993) has been modified in the 
following manner, so that the use of lead compounds for the 
elimination of the hyclrobromic acid is obviated, the object in view 
being the elaboration of a technical process for the preparation of 
a substitute for vegetable acids. One part, of dextrose (from 
starch), dissolved in 5 parts of water, is shanen in a closed vessel 
with 1 part of bromine until the disappearance of the latter. 
Oxidation is generally complete after twenty-four hours, at the end 
of which time the excess of bromine is distilled off in a vacuum 
tk temperature of the water- bath being about 50°, Heating is 
continued until the liquid commences fo be coloured, when it is 
diluted with about 350 times its volume of water, and the hydro- 
lircmic acid neutralised by sodium carbonate. An excess of calcium 
carbonate is added gradually at a temperature of 90° (during which 
operation any lactone formed during distillation is transformed) 
Slid after two or three days the calcium salt separates out and 
is lecrystallised. By working up the mother liquors an almost 
quantitative yield may be obtained. If invert sugar is used in 
place of dextrose, tile unchanged latvulose mav be^either precipi- 
tated as its insoluble calcium salt or converted into kevulic acid by 
tolling with dilute mineral acid. T P D " 


The Hydrates of Heptaldehyde. (Mile.) A. 0. Xoorduyr 
Ac. tmr. r/„m. 19 19, 38 , 345-350) .-An examination of the 
ys em heptaldehyde- water shows the existence of a monohydrat-e 

dpltt n e ' ^°, ev,,!ellce of the existence of the hemihydrate 
described by Bussy (A.nudnt, 1846, 60, 247) could be obtained. 

W. G. 

Artful !^vr° n ° f Acraldeh y de ' Iv - Compounds 
? “ Stabilisers against the Formation of Disacryl. 

919 T^ U ’inro' SLES Dl ' FRAls?E ’ Robin (Compt. 

i lo'il I 9, J 69, I068---10/2. Compare A., 1919. i. 574; this vol., 

obtained hv ^ , ’ resent in tlle varioua factions 

the dehvdrlt' fra ^mual distillation of acraldeliyde prepared by 
that benzoic an' f g ycero1 Wltil potassium hydrogen sulphate shows 
010 acid exerts a marked but variable stabilising action, 

f* 2 
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Phenol, found in some of the fractions, is also a stabilising ageii), 
but its activity is relatively feeble. W. 6. 

The Stabilisation of Acraldehyde. V. Stabilising 
Action of Substances with a Phenolic Group. Charles 
Mooreu, Charles Dlfraisse, Paul Robin, and Jean Poccnet 
(Compt. rend., 1920, 170, 26 31. Compare preceding abstract).- 
It has previously been shown that both phenol and benzoic acid 
exert a marked stabilising action against the formation of disacryl 
from acraldehyde. The study has now been extended to other 
phenols and certain hydroxy-acids. 

Of the monohydroxyphenols examined, ct-naphthol shows the 
strongest stabilising action, and the presence of several hydroxy- 
groups attached to ring carbon atoms causes a notable increase in 
the stabilising power, except when two hydroxy-groups are in the 
meta-position to one another. The action of the various hydroxv- 
benzoic acids is intermediate between that of the phenol and that 
of benzoic acid itself. Unlike the phenols, their methyl ethers or 
their acetyl derival ives show little or no stabilising action. Simi- 
larly, the alcohols and the polyhydric alcohols do not exercise auv 
stabilising action. Not only do (be polyphenols inhibit the forma- 
tion of insoluble resin (disacryl) from acraldehyde, but they also 
exercise a similar inhibiting action against the formation of soluble 
resin, even when the phenol is only present to the extent of 1 in 
4000. W. G. 

Oxidation of Mannitol by Nitrous Fumes. E. Yotockk 
and C. Kral’z (Zeituch. Zurken/uL Bahru., 1919 , 43 , 577 — 580). — 
111 the hope of finding a reagent which will effect the oxidation of 
polyhydric alcohols to either aldehvdic or ketonic substances exclu- 
sively, the authors have investigated the action of nitrous fumes on 
an aqueous solution of mannitol; oxidation occurs slowly (blit can 
be accelerated by the addition of a small quantity of a ferrous salt) 
and leads to the’ formation of a mixture of mannose and kevulose. 

H. W. 

Oximes of Rhodeose and Fucose. E. Votocrk (Zriheh. 
Zuckerind. JiUhm., 1919, 43 , 572 — 574). — fthodeoxcoeime, m. } 
188 — 189°, is obtained in 97"„ yield by the action of Wolds 
hydroxylamine solution on an aqueous solution of rhodeose; fucetr- 
crime is similarly prepared, and has m. p. 188 — 189° when rapidly 
heated. When treated with acetic anhydride and sodium acetate, 
each oxime yields the same acctylrhodeononitrile , m. p. 177 — 178 , 
whilst, in addition, a ruhsi finer, m. p. 115 — 116°, which does not 
appear to be. an acetyl-nitrile, is obtained as by-product from 
rhodeoscoxime. fsoRhodeose, in sharp contrast to rhamnose. 
rhodeose, and fucose, does not yield a sparingly soluble oxime. 

II. W. 

Action of Braun's Dihydrazine on certain Methyl- 
pentoses. E. Votocek ( Zeitsch . Zuckerind. Bohn., 1919. ' 

574 — 577) — It has been shown by von Braun that dipheny 
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jnotlianedimethylhydrazine does not react with ketonic sugars, but 
yields hydrazonea with arabinosc, rhamiiose, galactose, and man- 
uose. but not with xylose or dextrose; in a private communication 
to the authors he has suggested that this difference in behaviour of 
alcloses is connected with the spatial arrangement of the hydrogen 
and hydroxyl groups around the three asymmetric carbon atoms 
adjacent to the aldehydic group, and that when these groups occupy 
alternate positions (annexed formula) there is no 
K OHH tendency towards the formation of a hydrazone. 

( \ — C-CHO r ^ s hypothesis has been tested and confirmed at 

^ j the instances of rhodeose, fucose, and Morho- 
OH H Oil deose, since the former two readily give hydr- 
a-zones, m. p. 218° and 221° (partial decomp.) 
respectively, whilst the last-named does not react with Braun’s 
dihydrazine. H. W. 

Thiodisaccharides Irom Galactose. Wilhelm Schneider 
and Annemarie Beuther (Her., 1919, 52, [ fi\, 2135— 2149).— The 
observation that certain saccharoses react more readily with hydro- 
creu sulphide in pyridine solution, than does dextrose has led the 
authors to an extended examination of the behaviour of d-galactose 
in the hope of elucidating the constitution of the thio-derivatives. 

When a solution of (/-galactose in ice-cold pyridine is repeatedly 
saturated with dry hydrogen sulphide with exclusion of air and 
the product is worked up as already described in the case of 
dextrose (A., 1916, i, 791) and converted into the silver salt, a 
product is obtained which contains, as in the case of the dextrose 
derivative, more than one atom of sulphur for each atom of silver. 
During the course of the initial action, however, a crystalline pre- 
cipitate is observed to separate, which has the composition 
Cj.,H.,,p i(j S 3 ,3C 5 n 5 N, and readily passes by loss of pyridine 
into tnthiodiipdactose, 

The latter melts somewhat indefinitely between 139° and 142°, and 
is readily decomposed even by solution in water or aqueous pyridine. 
Protracted boiling with water converts it into galactose. The 
specific rotation could not be accurately determined on account of 
its instability ; solutions in aqueous pyridine are initially leevorota- 
tory, but rapidly change in sign, probably owing to a more or less 
complete hydrolysis of trithiogalactose to galactose. When an 
aqueous solution is treated with silver nitrate, silver sulphide is 
immediately precipitated, so that the isolation of a silver salt is 
impossible. Confirmation of the formula attributed to trithio- 
uigalactose is found in its conversion into a dadcca-ncetpl derivative, 
leaflets, m. p. 157°, [a]jf -f 24’8°, in acetylene tetrachloride solution. 

The quantity of the crystalline compound which separates only 
corresponds with a small amount of the original material : further 
precipitations were therefore effected by the regulated addition of 
ether to the filtrate, whereby a product y needles, m. p. 183 — 184°, 
which has also the composition of a trith iodisaeeh arose, was isolated ; 
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this is possibly either an isomeride or a disulphide oxidation 
product of trithiodigalactose. 

The isolation of a trithiodisaccharose affords an obvious explana- 
tion of the high sulphur content of the thio-sugars and their silver 

The contrast between the stability of the sulphur atom in thio- 
isotrehalose (Schneider and Wrede, A., 1917, i, 540) and the insta- 
bility of trithiodigalactose has led the authors to prepare thio- ami 
seleuo-digalactose, which are found to be perfectly stable sub- 
stances; thus orf«-nc*(i//f/uWi-d-j/a/afto«e,colourless,Blen(ler needles, 
m p 200°, fa];? -5’72° or -G’08°, in acetylene tetrachloride solu- 
tion, is prepared by the interaction of bromoacetylgalactose on an 
alcoholic solution of potassium sulphide, and is transformed by 
methvl-alcoholic ammonia into thiodi-d-galaclose, C 12 H i; ,O l() S, 
colourless, pointed needles, m. p. 230°, [o]i* — 41 '86° in aqueous 
solution. The latter substance closely resembles thiowtrehalose in 
chemical properties; with mercuric chloride solution it yields a 
white precipitate, 2HgS,HgCI,. Similarly, octa-acetyhehnodnjnht- 
tose crystallises in small, colourless needles, m. p. 202°, I c'j;:' - U P 
or — 12-5° in acetylene tetrachloride, and is converted by methyl- 
alcoholic ammonia into xrh iridi-d-ifnlttctose, slender needles grouped 
in clusters, m. p. 228°, [«ji? -36‘6<’ or -37'G° in aqueous solution. 

H. W. 


Action of Hydrogen Sulphide on Sugars. II. Wilium 
Schneider and Ottit.te Stiehlf.r (Her., 1919, 52, [Jl, 

2131 -‘’135).— A further study of the action of hydrogen sulphide 
on dextrose and other sugars in pyridine solution (compare 

Schneider, A., 1916, i, 791). . 

The proportion of sulphur which enters the dextrose molecule is 
found to increase with the duration of the action and with increas- 
ing concentration of hydrogen sulphide, so that it appears that 
the system tends towards an equilibrium between unchanged and 
thio-sucar, waler and hydrogen sulphide. Under suitable condi- 
tions, the dextrose molecule can combine with considerably more 
than one atom of sulphur. 

Among the hexoses, (/-galactose, (/-mannose, and rf-truclose react 
considerably more rapidly with hydrogen sulphide than does 
dextrose and absorb more than one atom of sulphur for each 
molecule; the behaviour of 7-rhainnose and 7-arabmose is snmlM- 
Lactose and maltose, on the other hand, only react very stotrly, 
whilst a -methvlghmoside and 'mannitol do not yield tlno-coin- 
pounds. The "slight activity of peuta-acetylglucose probab y due 
to the preliminary loss of one or more acetyl groups. The ability 
yield thio-derivalives appears to depend on the presence o 
reactive ketonic or aldehydic group in the molecule. “■ ’ ■ 


Action of Reducing Agents on the Chloralos . ■ • 

Haxbiot and Andre Km no (Ami. ('him., 1919. [ix], 12, 1-9 / 

—When the chloraloses are heated with ammonia m solution 
perfectly dry methyl alcohol in sealed tubes at 150 tor on 
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six hours, one of the three atoms of chlorine is replaced by hydro- 
gen, giving products which the authors name dechlorochloraloses. 
With benzoyl chloride these compounds give dibetizoyl derivatives, 
Thus /3-chloralose gives (lechloro-@-chlomtose, C 8 H,„0(iCl 2 , m. p. 
156—157°, [«] D -10'57°, giving a dibenzoyl derivative; Vchlor- 
alcse gives dechloro-a-chloralose, m. p. 165°, [a] D + 9'96°, giving a 
dibemoyl derivative, m. p. 146°. /3 Galactocliloralose gives the 

compound, C 8 H I2 0 6 C1 2 , occurring in two forms, one having m. p. 
96°, the other m. p. 133°; both have [a] u -29-20°, and give a 
dibenzoyl derivative, m. p. 116°. /3-Arabiuoc.hloralose gives the 
compound CjHjgOA, m - P* 88 — S9°, [aj L — 19'72°, giving a 
dibenzoyl derivative, m. p. 90'5°. 

On oxidation with nitric acid dechloro/3 chloralose gives a mix- 
ture of a lactone and an acid, from which, by the action of am- 
monia, i hchhro - $ - chloralamidc , C ; H 3 0-C1,-C0-NH ; , m. p. 
161—162°, is obtained. Under similar conditions dechloro-d-galac- 
toehloralose on oxidation only yields mucic acid. Dechloro-j8-arabino- 
chloralose yields an acid, C 7 H S 0 6 C1 2 , m. p. 215°. 

When hydrolysed with hydrochloric acid the dechlorochloraloses 
simply split up, giving the sugar and dichloroacetaldehyde. The 
dechlorochloraloses may be more easily obtained, and with better 
yield, by the reduction of the cones; ending chloralose with alumin- 
ium amalgam in neutral or acid aqueous alcoholic solution, or with 
a zinc-copper couple or zme and sulphuric acid, or by electrolysis 
in acid solution. When reduced in alkaline solution, as by the 
action of sodium amalgam, 1 lie a- and 13 chloraloses derived from 
dextrose each lose two atoms of chlorine, yielding respectively bide- 
chlarot/l uco-a-chloralose, C 3 II 13 0, ; C1. m. p. 168°, giving a dibenioyl 
derivative, m. p, 119°; and biderhloror/htcn-Q-rh!oialo*e, m. p. 
166°, giving a dibcmatjl derivative, m. p. 146°. On oxidation, the 
former of these two compounds gave oxalic and saccharic acids, 
whilst the second gave a lactone, C-H-0 Cl, isolated as its hadr- 
uzone, C;H : 0-C1,N 2 H 4 , m, p. 170°. 

Attempts to remove the third atom of chlorine from the 
chloraloses by reduction were not successful. W. G. 

Catalytic Hydrogenation of Lactose. J. B. Senderens 
(Compl. rend.. 1920, 170, 47 — oO). A repetition of [pat.iev’s work 
oil the catalytic hydrogenation of lactose in aqueous alcoholic solu- 
tion in the presence of nickel and nickel oxide (compare A., 1913, 
i. 10). It is now shown that if the analyst is only slightly active, 
the reaction ceases when the aldehyde group is reduced to the group 
•CH..-OH, and tile author has isolated the resulting compound, 
which he calls laciositof. 


L O - 

This compound lias in. p. 78° [o] n -12'2°, and crystallises with 
1H.,0. Oil hydrolysis with dilute sulphuric acid it yields sorbitol 
and galactose. 

If in the hydrogenation a more active catalyst is used, the action 
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proceeds further, the acetal group being attacked, hydrolysis occurs, 
and the resulting products are dulcitol and sorbitol. W. G. 

Isolation of Inulin and Laevulose from Plant Sap, 

Arnold Daniel (D.R.-P. 313986; from Client, Zentr., 1919, 
iv, 665).— The process depends on the addition of strongly alkaline 
substances in the warm, whereby the harmful non-inulin sub 
stances are partly precipitated and partly converted into a harm, 
less form; the concentration of the alkali is to he so chosen that 
a further precipitation does not occur on treatment of the sap. 
The preparation of inulin from dahlia tubers by means of alkali 
hydroxides, or carbonates, or alkaline earths is described. Pure 
inulin may also be converted into pure lawulose and other 
degradation products of inulin, such as caramel and dextrin. 

H. IV. 

Chemical Structure of the Lignin of Spruce Wood, 

Peter Klason (Arkiv Kem . Min. Geol., 1917, 6, No. 15, 1 — 21). 
— Spruce wood has previously been shown to consist approximately 
of: 50% cellulose, 16% other carbohydrates, 30% lignin, and 4% of 
other substances. Since the "other carbohydrates” have become 
of great practical importance, the name "lignosans” is suggested 
for them. 

The composition of lignin has previously been derived from a 
9tudy of barium lignosulphonate and found to be C 4(1 H 4(l O„ (com- 
pare A., 1908, i. 717. the composition then being wrongly given as 
C 40 H 4 . 2 O n ). Calcium Ht/iuhulpliiinnle, C 4 „H lt O ]S S>Ca, has now been 
prepared; it apparently contains 011 c molecule more water than 
the barium salt, and gives a cryoscopic molecular weight of 
1628—1753, so that- it forms double molecules in aqueous solution. 
Lignin would then have the composition 

C 4 „H 4) 0 ls SX'a-Ca(HS0 a ) 2 = C 4n H 4 ,0 1 ,, 
that is, it results from the condensation of 1 mol. of coniferyl alcohol 
and 3 mols. of hydroxyconifervl alcohol with the loss of 3 niols, of 
water. (This composition is apparently taken as preferable to that 
obtained from the barium salt.) Xaphthi/lanime lignotvlphamtt 
is readily obtained as a yellow, sandy powder by precipitating 
a solution of the calcium salt with naphthylamine hydrochloride. 

When the mother liquors, from which the above calcium salt 
has been precipitated, are healed with naphthylamine hydro- 
chloride. a naphlhi/lanuiir litfnoevl'phonate , t.,' ,,11,.,0, different 
from the above, is precipitated. This can he considered as made 
up of: 1 mol. of coniferyl alcohol, 1 mol. of hvdroxyconiferyl 
alcohol, 1 mol. of caffeic acid, 2 mols. of IT. SO,. and 3 mols. of 
naphthylamine. the condensation of the first three components 
taking place with the loss of 3 molecules of water. The lignin foil- 
ing the basis of this salt would thus have the formula C.ir.H.^Oo a . 
contain two inethoxv-groups. Assuming that the lignin of wood is 
made up of an equal number of molecules of the two above lignins, 
its formula would be C n ,H os O^,. with six methoxy-groups. and snob 
a composition agrees very well with analytical data. 
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It is suggested that the condensations above mentioned take 
place between the hydroxyl of an allyl alcohol group and the 
phenolic hydroxyl in another molecule, and so on, lignin thus 
be iuff built up on the same principle that holds for polysaccharides 

al) d albumins. 

The reason for including caffeic acid in the building up of the 
ticrnin C^B^Og is that an acid residue must be present to account 
for the third molecule of naphthylamine in the salt, the other two 
molecules being bound by the sulphurous acid. Plant products are 
often substituted benzene derivatives, the first position being occu- 
pied by allyl alcohol or acrylic acid residues, whilst the positions 
3 4 . and 5 arc occupied by hydroxyl or methoxyl groups; caffeic 
acid is such a derivative. 

The results obtained by the dry distillation of wood are in agree- 
ment' with the above deductions, and all known facts agree with 
the assumption that lignin from spruce wood results from the con- 
densation of methylated hydroxycinnamyl alcohols or the corre- 
sponding aldehydes and acids, which are substituted similarly to 
protocatechuic acid. 

Combinations of lignin and sulphite have the character of 
tannins, and lignin can be considered to be an insoluble tannin. 

Investigation of the molecular weight of the above-mentioned 
calcium lignosulphonate by the ebullioscopic method gives the 
value 982 (theory, 916), so that at the boiling point it is not asso- 
ciated; the potassium salt gave similar results. Lignin prepared 
from spruce wood by digesting if with alcoholic sulphuric acid and 
removing the fat and resin with light petroleum gave a molecular 
weight of 650 in glacial acetic acid, as compared with the theoretical 
value 714 for C 40 H 4 ..O ]; >, that- is. in agreement with the formula for 
(he lignosulphonate. 

Experiments on the behaviour of coniform and coniferyl alcohol 
towards acid sulphites gave results in agreement with the assump- 
tion that lignin contains aromatic nuclei of the same structure as 
coniferyl alcohol, together with side-chains of the same constitution 
as allyl alcohol. The lignin reactions (compare A.. 1908. i. 717), 
which are also given bv calcium lignosulphonate after treatment 
with alkali, point to the same conclusion. 

The final conclusion of the author is that lignin in wood is built 
up from pentoses, as the following equation, which gives dihvdroxy- 
cinnamyl alcohol , indicates : 2C-TT. 0 O- - C JT.„O s + 5H.,0 + C0 2 . 
The methylation of the phenolic groups mav be brought about by 
formaldehyde, R-OH + CffoO-R-OCH. + o; the oxygen liberated 
then changing RH into R*OTT, and also oxidising allyl alcohol com- 
plexes into the corresponding aldehydes and acids, thus giving the 
complexes shown to be present in lignin. T. S. P. 

Preparation of Hexamethylenetetramine Dinitrate. 

"EXTRALSTELLi: FUR WlSSENSCHAFTLICn-TECHNISniE UnTERSUCH- 

I*®* (D.R.-P. 298412; from Cl, cm, Zentr ., 1919, iv, 498—499).— 
°hd hexamethylenetetramine is added, preferably with cooling, to 
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dilute aqueous nitric acid, which may contain sulphuric acid. 
Separation of the salt occurs so completely (about 95% of that theo- 
retically possible) that the reaction may be applied immediately to 
the precipitation of nitric acid from its aqueous solution. H. \y. 

Reduction oi Methylene-blue by Glycine. Feikdri cs 
Hasse ( Biochem . Zeitsch., 1919, 98, 159 — 177). — Glycine reduces 
methylene blue in alkaline solution. Other amino-acids do not 
this reaction. Quantitative estimations show that acetaldehyde and 
dextrose give a weaker, creatine, catechol, and resorcinol an equal 
and glucosamine and to a much greater extent adrenaline and 
quinol a higher reduction than glycine. These observations 
are discussed in relation to the Slrecker Traube reactions. 

s. s. z. 

Calcium Haloid Salts of Carbamide and Asparagine. 

Yuzuru Okuda and Kiyosiii Fvjiwaka (./. Tokyo Chem. Sot, 
1919, 40, 401 — 412).- -Carbamide and asparagine form double com- 
pounds with calcium haloids, which are easily crystallised, Tim 
the compound, CaL,6(.'0(NH.,V„ m. p. 168—169°, hexagonal plates 
having a bitter taste, is obtained by passing hydrogen sulphide into 
a mixture of powdered calcium carbonate, iodine, and a little water 
until the iodine has dissolved, removing the excess of carbonate, 
and adding carbamide to the filtrate, which is then made slightly 
alkaline with lime water; the crystals are obtained by concentrating 
the solution, and arc rccrystallised from water or alcohol. Other 
compounds described are: CaBr. 2 .6CO(NII 2 ) 2 , m. p. 146°, hexagonal 
plates; CaCl 2 ,4CO(XH.,),, hygroscopic, hexagonal crystals; 
CaI,,C 4 H s 0 3 N ; ,4IL0. m. p. 136°; CaBr 2 ,C 4 ff s O s N,,4H. 2 0; and 
CaCi 2 ,6 4 H 8 0 3 N 2 ,4H 2 0, m. p. 67°, hygroscopic, columnar crystals. 

Chemical Abstracts. 

Transformation of Asparagine into the Dipeptide ol 
Aspartic Acid. C. Ravenna ami G. Bosinelli (Atti R. Accai 
Lined, 1919, [v], 28, ii, 113 — 117). — When ordinary /-asparagine is 
subjected to prolonged boiling in aqueous solution, it undergoes 
partial racemisation (compare Pringsheim, A., 1910, i, 303; ii, 437). 
From the inactive asparagine separable from the solution by crystal- 
lisation, the rf-isomeride may be obtained pure by dissolving a little 
magnesium sulphate and potassium and calcium hydrogen phos- 
phates in the 2% aqueous solution anrl leaving the latter exposed 
for fifteen days to the air at the ordinary temperature; the mould 
which develops on the liquid rapidly attacks the /-asparagine, an 
the ef-asparagine may afterwards be crystallised out-. 

The mother liquors from the inactive asparagine yield no further 
crystals, but. are found to contain the dipeptide of aspartic sa 
(asparagyl aspartic acid) (compare Fischer and Koenigs, A., lS.fi 
i, 486), C0J1-CII 2 -CTI(NH 2 )-C0-NH-CH(C0 ,H)-CH j -C 0. 2 H. The 
latter may be purified by heating it in an open vessel for some hours 
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at 210 °, this treatment converting it into diketopi perazinediacetic 
anhydride, 


CO 


co — n/\ 

CK s -CH\/ 

VO 


cn-CHg 

'N— CO 


CH-CH-N CO 

or, more probably, | CO<^ \;o I 

CO — N CH CH 2 

which neither melts nor decomposes at 320 s ; by baryta water ill the 
cold this anhydride is transformed into asparagvlaspartic acid 
In view of the widespread occurrence of asparagine in plants and 
the importance of the polypeptides in relation to the synthesis of 
proteins, it seems possible that the ready formation of the dipeptide 
of aspartic acid from asparagine may play a part in vegetable meta- 
bolism. t H p 


Transformation of Ammonium Malate into the Dipeptide 
of Aspartic Acid. C. Ravenna .and G. Bosivelli (Atti R 
.W. Lined, 1919, [vj, 28, ii, 137— 139).— The composition and 
characters of diketopiperazinediacetic anhydride (compare preceding 
abstract) indicate the identity of this compound with that obtained 
byDessaignes (Beilsteiu, 3rd edition, I, 1389) by heating ammonium 
hydrogen malate, and described in the older literature as fumar- 
imide. The conversion of the latter compound into the dipeptide of 
aspartic acid by the action of baryta solution in the cold confirms 
the identity. T H P 


Chloroacetates of S Alkyltliiocarhamides 

(T., 1920, 117, 4—11).' 


•John Taylor 


Equilibrium Conditions in the Bucher Process for the 
Fixation of Nitrogen. It, Pekocson and P D V 

Banning (. J Ind. 1919, 11, 846-950).- -In Bucher’s 

process for the fixation of nitrogen the main reaction is represented 
by the equation 2X^00^40+ N, ~2XaCX-3CO, the iron 
apparently acting only as catalyst. In order to ascertain the 
empmea relationships which may be taken as representing the prob- 
able conditions of equilibrium in practice, a stream of gas of varying 
composition was passed over the charge, which was 'heated in an 
ion boat- and the amounts of carbonate converted into cyanide at 
the equilibrium points were estimated. It was found that the iron 
beat, was not affected in experiments at 950° to 1000 s in which the 
ps contained up to 80% of carbon monoxide. Curves were plotted 
snowing tile percentage formation of cyanide in relation to the pro- 
o ion ot carbon monoxide in the initial gas. The results indicated 
■ u temperature has relatively little influence on the conver- 
" as contains liitle carbon monoxide, but would have 
. rl L0 ' '' mtluence in the case of gas, such as producer gas. cou- 
Ll”*’ Sa - y ,' 30 « of cal 'bon monoxide. At 1000 s it is possible to 
1 up to about 60% of the alkali carbonate by means of pro- 
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ducer gas, and the yield would be increased by the use of a higher 
temperature. The amount of conversion decreases with the rise 
the proportion of carbon monoxide in the initial gas, and in th e 
case of gas containing 60% of carbon monoxide only half of the 
carbonate is converted. The results also indicated that the initial 
reduction of the sodium carbonate to sodium is the controlling factor 
in the Bucher process, and that the effect of the carbon at this 
stage may be to maintain the pressure of the carbon dioxide below 
that of the dissociation pressure of the carbonate. This view 
received support from the results obtained by plotting the amounk 
of carbonate converted into cyanide in relation to carbon dioxide 
instead of carbon monoxide. [See, also, J. So c. C'/iem. Ind., 1920 
17a.] C. A. M. ’ 

Action of Mercuric Cyanide on Metallic Salts. Bilan asm 

Gupta (T„ 1920, 117, 67-73). 

Effect of Pressure, and of Dissolved Air and Water on 
the Melting Point of Benzene. Theodore W, Richards, 
Emmett K. Carver, and Walter C. Schumb (,7. Amer . (. hem . Sue ., 
1919, 41, 2019 — 2028). — The freezing point of benzene and the 
effect of dissolved air and water on this quantity have been expert 
mentally investigated. It is shown that benzene saturated with air 
under atmospheric pressure melts 0'003° below the true triple 
point. Benzene thus saturated has its freezing point but little 
altered by change of pressure. There appeal's to be no large amount 
of supersaturation. The effect of pressure in the absence of dis- 
solved air is shown to alter the freezing point 0 029° per atmosphere. 
Saturation with water lowers the freezing point, of benzene 0 095°. 
The true freezing point of benzene saturated with air is probably 
not far from 5'493° and the true triple point not far from 5'496°. 

J. F. S, 

The Nitrotoluenes. III. Binary Systems of the Com- 
ponents: p-Nitrotoluene, 2 : 4-Dinitrotoluene, and 2:4:6- 
Trinitrotoluene. James M , Hem. and Charles H. 1 1 
Jun. (.7. Ind. Eng. C ' hem .. 1919, 11. 1124 1128. Compare this 
vol., i, 22, 23). — The melting points of two-component systems of 
three of the principal nitration products of toluene have been 
determined by the cooling-curve method, and the complete results 
plotted in curves. The term "melting point" is defined as the 
temperature at which crystals first appear, and in determining it 
the question of super cooling has to be taken into consideration, 
whilst the eutectic point, is the temperature at which there s 
equilibrium between the solids and melted mass. The probable 
values found lor the melting points were : For p-nitrotoliiene 
(MAT), 51-5°; 2 : 4-dinitrotoluene (DAT), 696°: and 2:1:61" 
nitrotoluene (TAT), 80'35°, in each case with a + or - error ot 
0'3 & . In the binary system MAT TXT the eutectic points were 
33'85— 33-95°; in the system DNT-TNT , 45'4--45*6°; and in the 
system MNT-Dyf , 26'44 — 26'54°. In no instance did the freez- 
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iug-jioint curves intersect at other than the eutectic temperature 
points, and the conclusions of Gina (A., 1914, i, 817) as to the exist- 
ence of molecular compounds in these three cases were therefore not 
supported by these results. C. A. M. 


The Nitrotoluenes , IV. The Three-component System : 
ii-Nitrotoluene, 2 : 4 Dinitrotoluene, and 2 : 4 : 6-Trinitro- 
toluene. James M. Bell and Charles H. Hbkty, Jun.(/, Irul. Eng. 
I'Jiem., 1319. H> 1128 — 1130). — The freezing points of mixtures of 
these compounds have been determined and plotted in the conven- 
tional triangular diagrams, the primary freezing point being the 
temperature at which the first solid separated, the second that at 
which the second solid separated, and the eutectic point that at 
which all three solids were in equilibrium with the melted mass. 
The diagram thus consisted of three fields separated by three boun- 
darv curves, which intersected at the ternary eutectic point. No 
evidence was obtained pointing to the existence of binary molecular 
compounds as claimed by Giua (see preceding abstract). By a 
method of interpolation both the composition and temperature of 
points ou the boundary curves may be found, and in this way it is 
possible to identify the composition of a mixture of the three com- 
pounds from the determination of the freezing points. C. A. M. 

p-Cymene. III. Preparation of 2-Chloro-5 : 6-dinitro- 

p-cymene. H. A. Lt us and E. C. Yopxo (J. hid. Eng. Ohm., 
1915 , 11, 1130 1133 . Compare A., 1918, i, 339 ; 1919, i, 398). — 
The chief product formed in the nitration of 2-chloro-p-cymene is 
2-chloro-o : 6-dinitro-//-eymene, whilst an isomeric compound also 
appears to be formed. Another chlorodiiiitro-compound (ra. p. 
90 - - 91 °) containing less carbon than chlorodinitrocymeue is also 
formed in small quantity, together with a substance of unknown 
composition, possibly a ehloroterephthalie acid. C. A. M. 


4-Chlorobenzene- 1 : 3-disulphonic Acid and its Trans- 
formation into the Symmetrical Compound. S. C. J. 

Olivier (Rcc. trav. cliim ., 1919, 38, 351 — 355). — 4-Chlorobenzene- 
1 : 3-disnlphunic acid gives a polonium salt, C,H.,C1(SO Iv)„H,0 a 
btimtni salt, CJI 3 Cl(S0 3 ).,Ba.4H.,0, and a < lirhloritie ‘ ' ' 

C c H 3 CT(SO,C1).„ 

di. p. 90'o°. 

tvhen the anhydrous barium salt- is heated with sulphuric acid, 
containing some sulphur trioxide, at 30(1° for five hours it is partly 
converted into 5-clilorobenzene-l : 3-disulphonic acid. W. G. 

The Structure of the Chlorobenzenedisulphonic Acid 
prepared according- to D.R.-P. 260563. S. C. J. Olivier (Bee. 

38, 356 -357).— By preparation and ideutifi- 
, “ ot ; ts acul chloride it is shown Unit, the acid obtained by the 
>] p lonation of p-ehlorobenzenesulphonyl chloride by the method 
Wnzi" "-I , Luc , m , s - a,ld B ‘-fining (D.ll.-P. 260563) is 4-chloro- 


‘cne-1 ; 3-disulphonic acid. 


W. G. 
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Iodination of Aromatic Amines by means of Iodine 
and Persulphate. K. Elks and H. Volk (I. pr. Chcm., 1 9 1 9. 
[ii], 99, 269 — 275. Compare A., 1913, i, 841). — The success of this 
method when applied to aromatic amines and their acyl derivatives 
is very limited. The yields of 2-iodo-p-nitroamline ( acetyl derivative, 
needles, m. p. 128 — 130°) and 2 : 4-di-iodo-o-nitroaniline were good;’ 
of 2-iodo-p-toluidine and 2-indosulphanilie acid, moderate; of 
2 : 4-di-iodoaniline (accompanied by p-iodoaniliue), p-iodoacet- 
anilide, and 3-iodo yrbromoaniline, poor. Indefinite products were 
obtained from m-xylidine, dimethylaniline, diphenylamine and its 
acetyl derivative, p-ehloroaniline, m-bromoaniline, and m-nitro- 
aniline, as well as from anisidine and phenacetin, although unpub- 
lished experiments with anisole and phenetole had given excellent 
results. Tribenzylamine was oxidised to benzaldehyde, and hexa- 
methylenetetramine gave its additive di-iodide. 

Except in the case of acetanilide, the acetic acid used in the 
earlier experiments was replaced by concentrated hydrochloric acid 

J. K. 


A New Modification of 

Herbert Swann (T., 1920, 117, 1- 


3 : 4-Dinitromethylaniline, 

-4). 


Acylvanillylamides. E. K. Nklso.v (./. Amer. Chem. Soc„ 
1919, 41. 2121 — 2130). — Having shown capsaicin to be deceno- 
vanillylainide (compare A., 1919, i, 543), the author has prepared a 
number of acylvanillylamides and approximately determined their 
pungency. These amides are readily prepared by action 011 vanillyl- 
arnine with the requisite, acyl chloride. Acetovanillylamide lias 
ra. p. 84—85° (core.) : n„ 1-050: itj 1-586 : n, 1*665 ; propie- 
vanillylamide has m. p. 106 — 110° (con-.); 11 „ 1-495; 1-635 : it, 

1-680 ; n-butyroranillylamide has m. p. 68 — 70° (con-.); n, 1515: 
lip 1-580; n 1-655; i&ubutyroraniUyhwiidc lias 111. p. 118— 120°; 
?t, 1-465; n > 1-633; n 1-635; n-hrrornnilhjlamide could not be 
obtained crystalline ; n-hcptomnilbjhmide lias in. p. 59—61° 
(coit.); it, 1-515; it, 1-595 ; it, 1-625: n-octoranittylamidc has 
m. p. 41 — 43“ (coni); it, 1-56: it, 1-57; n-nouorunillylcmiide 
has m. p. 52°; it, 1-57: it, 159 ; a-decovnnilhjlamide has m. p. 
59—60°; «, 1-545; it, 1-555; it, 1-620; n-mdccotanittylmiit 
has m. p. 54—56° : «„ 1-515 : 11, 1-540 ; it, 1-615 ; n-dodeeomnillyi- 
amide has m. p. 60 — Cl°(coiT.j; 11,, 1-52: -11,1-510 ; 11, 1-60; crotcno- 
vanillylamide has m. p. 119 — 120“ (corr.) ; h„ 1-515; «,1C05; 
it, 1-735; undecenoranillylamule has m. p. 53—55° (con.); it,, 


1-55; 


71,1-60; it, 1-63 ; ibenzovanillylitmide has m. p. 140—112° ; it, 
1-590; 11, 1-675 ; it,' 1 695. 

Below the n-hexoamide these substances have little or no pun- 
gency, but above this member the pungency increases rapidly 
rise in molecular weight to the nonoamide and then diminishes 
again. ° W. G. 

A’-Methylvinyla niline . Julius von Braun and Okobs 
Kirschbaum (Ber., 1919, 52, \Jt\, 2261 — 2265).- The. substance is 
mainly of interest because it represents the first amine to be inves 1 
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„ a led which contains the vinyl group directly united to the nitrogen 
atom. 6 

Methyl-0-bromoethylaniIine is converted by trimethylamine into 
tie quaternary bromide, NMePh-CH„'CH 2 -NMe 3 Br, the bromine 
atom of which is not. removed by protracted boilino with 51°/ 
potassium hydroxide solution ; the corresponding quaternary base 
may, however, be obtained by the action of silver oxide, and when 
heated under diminished pressure, yields melhyhinyhniline ■ the 
success of the operation is dependent on the purity of the bromide 
The freshly distilled base forms a colourless liquid with a sharp 
odour resembling that of formaldehyde or acetaldehyde It has 
Iff" 0’ 9887 ’ 11 dlirers fr °m other anilines and bases in its in- 

stability and susceptibility to change; when preserved, even with 
exclusion or light, it gradually becomes more viscous; after 48 
hours it has D/ 1*0144. afler 96 hours D) 75 1-0408, whilst after 
141 hours it is too viscous to allow determination of density When 
distilled, it boils mainly at 98-99°/ 16 mm., but about one-third 
of the base is converted into a dark red. viscous mass, probably bv 
the alkali of the glass. A further remarkable property is the ease 
with ivhich the vinyl croup is removed in the form of acetaldehyde 
by hydrolysing agents, the reaction occurring even with boiling 
water. For this reason, it has net been found possible to isolate 
pure salts or derivatives of the base. 

The properties of methylvinylaniline throw doubt on the prob- 
ability of the presence of the vinyl group attached to nitrogen in 
morphine, as has been postulated by Wielaud and Kappelmeier 

H. W. 


The Nitro-derivatives of Diphenylamine. M. C. F. van Duin 

311,1 B- C. Routers van T.rsnbpi Ree. tmv. eh ira.,1 919 , 38, 358 — 368 ) — 
An endeavour to determine the position of the last two nitro-groups in 
2.4:6: 3' : ? : Miexamtrndiphenvlamine, formed bv nitrating 
- .4 . 6 3 -tetranitrodipheuylarniiie i n the cold (compare Austen 
this Jonm., 1875. 165). 

2 : 4 : 6 : 2' : 4'-Pentanitrodiphenylamine, m. p. 196—197° (corr.), 
is easily prepared by saturating nitric acid (D 149) with picryl- 
anilme at a temperature not exceeding 25°. 

-.4. 6.. .4 . 6 -Hexanitrodiphenylamine mav be prepared bv 
ill rating picrylamline in a nitric-sulphuric acid mixture or by 
nitrating peutanitrodiphenvlamine at 70°. It has m n 949° 
(liecomp.). " v- - 


- ■ 4 . 6 . 2'( !) ; 3' : 4 'Hexanitrodiphenylamine, m. p. 273 — 274 ° is 
a tamec by nitrating the 2 : 1 : 6 : 3'-tetranitro-compound in a 
i uc-su phone acid mixture at the ordinary temperature. The 
ro-group in the position 3' is very mobile: ammonia and the 
S es react ,, "mediately with it at the ordinary temperature, 
m p '2490 j- m7ue »‘ vcs l ,entan > ,roi ‘ ,me th!ilnmmotUphenyiamine. 

be 2 um! : . 3 !i m. p. 232° (corr.), may 
anil. 1 - ed b I heat, ng together picrvl chloride and 3:4-dinitro- 
a sealed tube at 140° for eight hours, and this may be 
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converted into the hexanitro-derivative, m. p. 273 — 274°, gj Yei) 
above, thus establishing the position of the nitro-group at A 1 , 

In an endeavour to establish the position of the sixth nitro- 
group, 3:4: 6-trinitrodimethylaniliiie was heated in alcoholic solu- 
tion with aniline in a sealed tube at 120°, the product beim? 
A.:G-dinitro-3-anilinodwiethy1amIinc f m. p. 143° (corr.). This was 
then nitrated, but, instead of the required pentanitrodimethy]. 
aminodiphenylamine, as described above, being obtained, the pro. 
duct was 2 : 4 : 6 : 2’ : A 1 -pent an it ro-o -me thy In i troa minodiph e n >,/. 
amine , m. p. 224 — -225° (corr.), which may also be prepared from 
3-anilino-2 : A : 6-trinitrophenylmethylnitroamine, the intermediate 
product being 2:4:6: ^-tetramiro-o-methijlnitroaminodiphenyl- 

amine , m. p. 200° (corr.). 

By the action of p : nitroaniline on tetranitrophenylmethylnilro- 
amine in boiling benzene solution, there is obtained a mixture of 
a compound , m. p. 235° (corr.), and 2:4 :§:A r -tetranitro-5-metfojI. 
ni traami nodiphenyl amine , m. p. 200°. W. G. 

History of the Discovery of Oxonium Salts from Phenol 
Ethers. F. Iyeiirmann ( Dcr ., 1919, 52, [B], 2119).— The recent 
publication of Mever and Gotllieb-BiUroth (this vol., i, 37) on the 
action of nitric acid on phenol ethers leads the author to point out 
that the oxonium compound from thymol ethyl ether has been 
studied by Kehrmann and Messenger (Ber., 1901. 34, 1626), and 
its constitution has been elucidated bv Decker and Solonina (A., 
1902, i, 767). ' II. W. 

Preparation of p Phenetolecarbamide. J. D. Riedel 
(D.R.-l 3 . 313965; from Chew. Zentr., 1919, iv, 738). Solutions of 
alkali cyanides are treated successively with alkaline oxidising 
agents and phcnctidinc hydrochloride ; 7 >-phenetolecarbamide 
separates immediately in good yield and in a highly pure condition, 
Sodium hypochlorite or sodium peroxide is cited as oxidising 
agent. H. IV. 


Preparation of Acyl Derivatives of Cholic Acid. J. D. 

Riedel (D.R.-P. 313413; from Vhem. Zentr 1919, iv, 738—739). 

o-Acetoxyhenzoyl chloride is allowed to react with cholic acid in 
the- presence of a substance which will combine with halogen acid. 
The produrt obtained from these substances in the presence of 
pyridine is a colourless, crystalline powder, insoluble in water, 
soluble in alcohol, m. p. 120°; it is tasteless and does not cause 
digestive disorders. It appears to be unchanged in the stomach, 
but to be readily dissolved in the intestine 
pharmacological action of cholic and salicylic 
to find application in pharmacy. 


s. It com Dines me 
acids, and is expected 

H. W. 


Molecular Rearrangement in the Acylation of certain 
Aminophenols . L. ('iias. Raiford (J. Amer. Chem. Soc .. 1919, 
41, 2068 — 2080) — o-Brorno-3-amino -p-cresol, when acelylated. 

yielded o-bromo-S-acciylamino-p-tolyl acetate, m. p. 169°, whici, 
when hydrolysed, gave o-bromo-3 acetylamino-p-cresol , m. p. 1- 
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This compound, when benzoylated, yielded B-bromo-S-bemovlamino- 
p -tolyl acetate, m. p. 172°, molecular rearrangement thus occurring 
The constitution of the latter compound was proved by hydrolysing 
it, when 5-bromo-3-bemoyhmino-p-cresol, m. p. 185°, was obtained 
identical with that prepared by benzoylating 5-bromo-3-amino-p- 
cresol by using 1 mol. of benzoyl chloride in ethereal solution with 
o mols. of the aminophenol. 

A similar series of compounds was prepared from 4 : G-dibromo-2- 
aminophenol. On acetylation, it yielded i:6-dibramo-2-acctyl- 
itm in oph em/I acetate, m. p. 199°, which, when treated with aqueous 
sodium hydroxide, gave 4:6 -(Ulromo-2-aceti/laminopJienol, m p 
174-175° (decomp.), and this with benzoyl' chloride gave’ 4 : 6-di- 

hromo-2-benzoylaminophenyl acetate, m. p. 195 196 °, This 

acetate, on saponification, gave 4.'-§-dibromo-‘l-l J enzoylaminoplunol, 
ni. p. 198°. identical with that obtained liv benzoylatinv 4:G-di- 
bromo-2-aminophenol in dry ether. 

Ill both these cases, therefore, the diacvl derivative always had 
the heavier benzoyl radicle attached to nitrogen, regardless of the 
order in which the radicles were introduced. As this is in direct 
opposition to the results obtained by Ransom and Nelson (compare 
A., 1914. i. 269), similar experiments wore conducted with amino- 
phenol itself, and, regardless of the order of introduction of the 
acyl radicles, the filial product- was 'l-hanoi/himinophenyl acetate, 
m. p. 135°. Thus in these cases no differences have, been observed 
between the behaviour, in this respect, of substituted and unsub- 
stituted aminophenois, which indicates that acid-forming sub- 
stituents are not responsible for the rearrangement. \V. G. 


Halogenation. XIX. The Replacement of Sulphonie 
Groups by Chlorine and the Preparation of Organic 
Chloro-derivatives . Rasik L\i.]>ATTAaml Harapamsutty Kumar 
Hitter (.7. Amer. diem. Sor., 1919. 41. 2028— 2038).— When 
chlorine is passed into an aqueous solution of a sulphonie acid, the 
sulphonie group is readily replaced by chlorine, with very good 
yields. In some cases, additional chlorination also takes" place 
Aromatic substances which, in addition, contain an hvdroxv-gromi 
exhibit a special facility for this displacement of the sulphonie 
jroup by chlorine, and the same lias also been found true of amino- 
xnupounds, such as the nitroanilines. hinder these conditions 
misole- and plienctole- -sulphonie acids yield letrachloroketon/rfo- 
icxacliene and some trichlorophenol. Phenolsulphonic acid rives 
•richloropheiiol; o-cresol-5-snlphonic acid gives 5-cMoro ocr?sol- 
x-cresol-B-sulphonic acid and », eresot-2 : 6-disulplionio acid both 
in . " “ dichloro-m.-cresol ; percsol-3-snl phonic acid rives a tri- 
i o)o.p-c , ' f so / , m. p . 85- -SG°, which is either the 2:3:6- or the 
i; -Mrichioro-denvative; p-cresol-3 :5-disnlphomc acid gives 
nv e o - a ° ), Th - Vmo1 mn,10_ allcl di-aulphouic acids both 
1 • ™ ol; carvacrol-5-sulphonic acid gives tri- 

■1 ~ rlii-ni' 1 ’ ! i- 1 or0inoldi ' l <lp l ''> , ii<' acid gives pentachloro-orcinol 
^.krimne^ h y,p e n t a c lil or oe ; yr7ohexane].; o- and p-Nitrophenol- 
Ks 8 lve ' respectively, 4 : 6-dichloro o-nitrophenol and 
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2 : 6-dichloro-p-nitrophenol ; o- and p-nitroanilinesulphonic acids 
yield, respectively, 4 : 6-dichloro o-nitroaniline and 2 : 6-dichIoro-p. 
nitroaniline, whereas ro-nitroanilinesulphonic acid does not give an, 
definite product. Salicylic acid, on sulphonation and subsequent 
chlorination, gives 3 : o-diehlorosalicylic acid. 2:4: 6-Trisulp^. 
m-hydroxybenzoic acid gives the corresponding trichloro-derivative 
and 3-sulpho-;)-hydroxybeiizoic acid yields 3 : 5 -diclilorci-yj-Jxydr- 
oxybenzoic acid. W. G, 


Replacement of Sulphonic Groups by Nitro-groups bymeans 

of Nitrous Gases. Rasik LA[,IXATTAandPmjr,np,oSAHAYA VA Mi qj 
Aw er. Chem. Soc., 1919, 41, 2039 — 204S). — The sulphonic acid groups 
in aromatic compounds may he very easily replaced by nitro-groups 
by means of nitrous gases. The action is generally effected in aqueous 
solutions, the nitrous gases being passed until saturation is reached. 
In the course of the action more uitro groups frequently enter, 
with the formation of highly nitrated compounds. Many nitrations 
which cannot be brought about at all by nitric acid can be smoothly 
accomplished by this method. The reaction may be used for deter- 
mining the constitution of nitro-compounds derived from known 
sulphonic acids. Aromatic compounds which are already substituted 
by hydroxy-groups or by halogens readily undergo replacement at 
the sulphonyl group by a nitro-group, in some cases more nitro- 
groups entering the ring in suitable positions. In the case of 
hydroxycarboxylic acids containing a sulphonyl group, both the 
sulphonyl and the carboxyl groups are replaced by nitro-groups. 
If, however, the compound does not already contain substituent 
halogens or hydroxyl groups, replacement of the sulphonyl group 
does not take place at all. Thus benzenesulphonic acid remains 
unacted on by treatment with nitrous gases. 

By this method the following compounds have been prepared; 
3 :4-Dinitro-o-cresol from either »-cresol-3-sulphonic acid or o-cresol- 
4 sulphonic acid ; 3 :5-dinilro-u-cresol from the 3 :5-disulphonic acid; 
2 : 4 : 6-trinitro-OT-cresol from either m-crcsol-6 sulphonic acid or the 


2:6-disulphonic acid ; 3 :5-dinitro-/i-cresol from -/:-cresol-3-sulplionic 
acid; 3 :5-dinitro-o-4-xylcnoI from o-xvleiiol-4-sulphonic acid; 
5-nitro-m-4-xylenol and 2-nitro p 5-xvleiiol from the corresponding 
sulphonic acids; 6-nitrothymol from thvmolsulphonic acid; 2:4:6- 
trinitroresorcinol from either resorcinoldisulphonic acid, m-nitro 
phenolsulphonic acid, or w-hydroxysulphobenzoic acid; 2 : 4-di- 
nitrophenol from either anisole- or phcnetole-sulphonic arid; 2:4:8- 
trinitrophenol from the sulphonic acids of either n- or p-nitrophenol 
or o- or p-hvd ro.x ybeuzoi c arid. By direct sulphonation and subse- 
quent treatment with nitrous gases without isolation of the ste 
phonic acid, 1 : 2 : 3-rresotic acid gave 3 :5-dinitro-o-cresol ; 1 :3- ' 
cresotic acid gave 2 : 4 : 6-trinitrn-ni-cresol ; 1 : 4 : 3-cresotic aci 
gave 3 :5-dinitro-p-cresol ; chloro-, hromo-, and iodo-benzenes gave 
the corresponding p-nitro-derivatives; phcnylaeetonitrile 
p-nitrophenykcetonitrile; and anthraquinone gave 0-nitroam ra 
quinone. ’ ' 
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preparation of Tetrahydro-jS-naphthol. Georg Sceroeter 
an d Waiter Schraoth (D.R.-P. 299603; from Chem. Zentr., 1919, 
j Vi 618)- — Tetrahydronaphthalene-8-sulphonic acid or its salts are 
fused with alkali. The acid is prepared by mixing tetrahydro- 
nauhthalene with a small excess of concentrated or absolute sul- 
phuric acid ; in the latter case the hydrocarbon dissolves immedi- 
itely with spontaneous warming of the solution to 80 — 100°, and 
the "process is completed by warming the mixture on the water-bath. 
On cooling, the mixture solidifies to a mass of crystals, from which 
the snlphonic acid can be isolated by pressure; alternatively, the 
jlhali salts may be obtained by neutralising the slightly diluted 
mixture with alkali hydroxide and cooling, or may be salted out 
with potassium or sodium chloride, in addition, the alkali salts are 
prepared by the hydrolysis of tetrahydronaphthalene-0-sulphonyl 
chloride (from the hydrocarbon and chlorosulphonic acid). When 
fused with potassium or sodium hydroxide, either singly or together 
or with addition of milk of lime, tetrahydronaphthalene-8-sulphonic 
acid or its alkali salts are smoothly transformed, at 230 — 300°, into 
ttlmhydro-lhiaplithol, silky needles, m. p. 59—60°, b. p. 
145--i46°/13 mm., 275- - 276°/760 mm., which is readily soluble in 
alkali hydroxide, in solutions of salts of the fatty and sulpho-fatty 
acids, and in concentrated sulphuric acid. Thesoap solutions remain 
permanently clear when diluted with conductivity water, whilst the 
nsphthol is again precipitated when the sulphuric acid solutions 
are diluted. When the sulphuric acid solution is warmed, lelra- 
hrfm-Si-mphtJtol-a-mlphonie oritl is formed, and crystallises when 
a small quantity of water is added to the solution : it is converted 
into a dimtrotetrahydronnp/ithol, yellow prisms, m. p. 112 — 114°, 
when treated in aqueous solution with concentrated nitric acid. 
Tetrahydro-8-naphlhoI is intended to serve by itself or as starting 
material in the preparation of drugs, disinfectants, tanning 
materials, dyes, and explosives. H. W. 

Tautomerism of Phenols. I. Quinol. Walter Fuchs 
and Benno Eisner (ftcr., 1919. 52. f/i], 2281—2286). — Tt. is found 
in the case of nuinol that phenols can react with sodium hydro- 
gen sulphite in their tautomeric form as unsaturated cyclic ketones. 

Reaction slowly occurs when an aqueous solution of quinol and 
sodium hydrogen sulphite is heated at the temperature of boiling 
water, whereby so rfhnn eyeloAr.runr-l :4-cfio/-l : 2 :A-/risulphonate, 
colourless needles, is formed. The snlphonic character of the 
product follows from the failure to obtain more than traces of 
sulphur dioxide from it by the action of mineral acids. The con- 
stitution of the substance is deduced from its oxidation by perman- 
ganate to succinic, oxalic, and, possibly, malic acids, cvclo Jlf.rane- 
1 . Mwl-l : 2 : 4 - fn^rI p/>o of r arid could not be isolated in the 
Pure condition ; the specimens obtained consisted of a colour- 
less, unstable material, m. p. 172 — 175° (decoinp.). after previous 
darkening. The sodium salt can be used as a photographic 
developer; the possibility of its presence in the ordinary quinol 
developer is discussed. ' H. W. 
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Primary Aromatic Alcohols. J. Altwegg (U.S. p at 
1315619).— /8-Phenylelhyl alcohol, b. p. 89°/4 mm, is obtained in 
nearly theoretical yield by adding ethylene oxide (1 mol.) to ai 
ethereal solution of magnesium phenyl bromide (1 mol.) at (jo 
maintaining the temperature below 10° during the addition, then 
adding dry benzene, removing the ether by distillation, adding 
dilute sulphuric acid after cooling, and separating the phenylethyi 
alcohol from the benzene by decantation. 

fi-p-Toh/lethyl alcohol, b. p. 98°/3 mm., is similarly obtained from 
magnesium p-tolyl bromide. fi-'p-Methoxyphenylethyl alcohol, b. p. 
121°/5 mm., is prepared with the aid of toluene instead of benzene, 
fi-Z-M ethoxy-\>-tolylethyl alcohol, similarly prepared, is a colourless 
oil, b. p. 129— 130°/5 mm., with a faint, aromatic odour, 

Chemical Abstracts. 

A New Sterol. Takeo Ikeguchi (J. Biol. Chem., 1919, 40, 
175— 182).— The author has previously described a sterol which ] 58 
isolated from Lycopcrdon gemmatum (A., 1915, i, 240). He has 
now obtained a similar product from other fungi, namely, Anil- 
laria edodes, Hydnum asparalum, and Collybta shiitake. The 
crystalline sterol's obtained from these sources melt at 159—160:, 
have [o]u =-129'23°to - 1 29-55°, and the formula C 3a H 48 O s . They 
all give the same colour reactions, which differ slightly from those 
characteristic for cholesterol. As the author considers these crysfah 
represent a sterol which is present in fungi generally, he proposes to 
call it mycosterol. Mycosterol inhibits the hamolytic action of 
saponin, but not so powerfully as dues cholesterol. It gives a 
crystalline compound with digitnnin, C s -II 142 0 M , m. p. 242° 
(deeomp.). Mycosterol acetate, C,,TI :iJ 0., has m. p. 169°. Attempts 
to brominate failed, so that the molecule appears to be a saturated 
one. 

It was not , found possible to prepare a phenylhyclrazonc, so that, 
it would appear likely that the two oxygen atoms are both present 
as hydroxyl groups. Only one of these is, however, acetylaterl by 
treatment’ with acetic anhydride, so that the other might possibly 
be existent as a tertiary alcohol grouping. To gain information on 
this point the oxidation products of the sterol were examined. On 
treatment with chromic acid in acetic acid solution mycosterol 
yielded an oxidation product. < ',,,1 1 ,^0 ; , m. p. 188 — 189°. Since 
this substance, is neutral, it is concluded that a third hydroxyl group 
has been formed during tliooxidal ion, C Tl in r ,(OII) 2 — 

Acetylation of the oxidation product, confirmed this view, for a 
triacetate, needles, m. p. 261 — 202°, was obtained. 

“ J. C. D. 

Synthesis in the Naphthalene Nucleus. A. Matiixavotia 
and J. IVyai. (Anal. Fix. Quint., 1919, 17, 125 129).- -The syn- 

thesis of 4-methoxy-o-naphthylcarbinol is described. A current Oj 
dry hydrogen chloride was passed into a mixture of a-napht J 
methyl ether and anhydrous hydrogen cyanide in ethyl ether so n 
tion in presence of powdered zinc chloride. The precipitate forme 



ORGANIC CHEMISTRY. 


1. 1(31 


lra ve d ie aldehyde, OMe'CjoH^'CIIO (1*4), on boiling with, water. 
This is a liquid (b. p. 210 220°/25 mm.). On treatment with 
aqueous potassium hydroxide a mixture of I methoxy-l naphthyl- 
„jil,iiiul (m. p. 35°) and l-methoxy-4-uaphthoic acid (m. p. 230°) 
, va3 obtained. i-Mclhoxy - a- naphthyl chloromethyl ketone , 
Olle'l'njHo'CO-CHoCl, is synthesised by the action of anhydrous 
aluminium chloride ou a mixture of a-naphthyl methyl ether 
J1U | chloroacetyl chloride iu carbon disulphide solution; it forms 
needles, m. p. 70°. The corresponding efAory-derivative obtained 
jn a similar way has m. p. 98°, and when heated with hydrochloric 
add ill a sealed tube at 120° yields a-naphthyl chloromethyl ketone, 
which after recrystallisatiou from alcohol has m. p. 130°. 

W. S. M. 

Preparation of Ethylidene Esters. Ciiemischk Fabiuk 

Okie sum m-Elektp.on (D.K.-P. 31369G; from Vhem. Zentr., 1919, 
i<, 661— 663). — Organic vinyl esters or mixtures of vinyl esters aro 
heated, in the presence or absence of a catalyst, with organic or 
inorganic acids, under conditions iu which a molecule of the 
acid combines with a molecule of the ester and either at the ordinary 
or increased pressure until the action is complete. Thus, ethylidene 
diacetate is obtained by boiling vinyl acetate with acetic add in the 
presence of a small quantity of concentrated sulphuric acid. Vinyl 
Itnm/e, b. p. 203° l) 1 ' 0 1*063, and dry hydrogen chloride yield 
rtiwoethyl benzoate, b. p. 1 34°/ 20 mm., P a 1*172. Vinyl acetate 
forms ethylidene acetate benzoate , CH_,-(JH(OAc)*OBz, with benzoic 
acid and ehloroethyl acetate, OAcCHCUle, with hydrogen chloride. 
The products are generally liquid, and excellent solvents for natural 
and artificial resins and cellulose nitrates and acetates; they may 
also be used in the preparation of varnishes, films, and impreg- 
nating mixtures. H. W. 

Physiological Formation of Adrenaline and Syntheses of 

Phenylserine. F. Kxoor (Tier., 1919, 52, [i!], 2266—2269). — The 
author criticises the views which have recently been advanced by 
Eosenmund and Dornsaft (this vol., i, 56) on the physiological 
'formation of adrenaline, and points out that the production of 
many of the intermediate substances which they postulate is not in 
accordance with known physiological chemical process. 

[With Tota.xj. j With the object of preparing T-methylsprine, 
»cMoro-j9-plienyl-]aetic acid was added to a solution of methyl- 
amine; contrary to expectation, the product proved to be B-methyl- 
HNino-a-hyrirory-B-phenyl propionic arid, long prisms, decomposing 
completely at 272° after slowly darkening at 250°; since the original 
acid contains the hydroxyl group in the ^-position, it follows that 
it must have migrated to the a carbon atom probably owing to the 
intermediate formation of phenvlglvcidic acid. The constitution of 
tie new acid is deduced from its oxidation by barium permanganate 
bum elliyhwwio-a-phenylncrtic acid, pointed prisms which sublime 

ithout melting at 270°. The latter acid is also obtained by the 
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action of mefchylamine on a-chloro-^-acetybB-yhettyldactio 4( ^i 
short, coarse prisms, m. p. 131°. H. W, ’ 

Alkamine Esters of Aminotoluic Acids and Similar 
Compounds. E. A. Wiluman (U.S. Pat. 1317251). — Diethyl, 
aminoethyl 3 -amino-^-toluate is obtained by reducing with tin 
alcohol, and hydrochloric acid at 35° the product of reaction of 
i8-diethylaminoethyl alcohol (1 mol.) and 3-nitro-^-toluoyl chloride 
(1 mol.), removing the tin with hydrogen sulphide, and precipitate 
ing the oily ester with sodium carbonate. It forms a hydrochloride 
colourless crystals, m. p. 157 — 158°. The dim cthylamino ethyl ester 
{hydrochloride , in. p. 139 —140°) and various other alkamine esters, 
of aminotoluic acids may be prepared similarly. They act as local 
anaesthetics, having but slight irritating or toxic action. 

Chemical Abstracts. 

Trimorphism of nZ/oCinnamic Acids. A. W. K. de Jok 

{Vers. A had. IVetensch. Amsterdam, 1919, 27, 1219 -1231).— The 
residue obtained by evaporating a dilute solution of either of the 
nf/ocinnamic acids, m. p. 58° and 68°, yields the acid, m. p. 42°, 
at the ordinary temperature, but this acid is never obtained when 
concentrated solutions of the former two are used at the ordinary 
temperature. Aqueous solutions of the acids, m. p. 58° and 68'^ 
yield only the acid, m. p. 58°, at -10°, but yield either of the 
acids at -16°. Freezing experiments, with special precautions to 
prevent inoculation by nuclei, were also performed, and the con- 
clusion is drawn that the three a/Zocinnamic acids are trimorphous 
forms. Chemical Abstracts. 


Anaesthetic Alkamine Esters of Alkyloxyaminobenzoic 
[Aminoalkyloxybenzoic] Acids. E. A. Wildman (U.S. Pat. 
131*7250). — These esters, having properties similar to those of the 
esters described above, are prepared in an analogous manner. 
Aminoethyl m aminoanimtc is an oil which forms a hydrochloride , 
m. p. 160°. Chemical Abstracts. 


Salosalicylide and the Polymeric Salicylide9 . G. Schrof.ter 
{Ber. } 1919, 52. [/?], 2224—2237). — The salicylides, which have 
hitherto been described by Anschutz, in particular that obtained 
by crystallisation from chloroform, show a varying molecular 
weight, since cryoscopic determinations in phenol or nitrobenzene 


indicate the formula 



and ebullioscopic determinations 


in chloroform or nitrobenzene indicate 



the author 


now describes the preparation of a salicylide which undoubtedly 
has the constitution C 0 H 4 and is therefore analo- 

gous to the. diantiiranilide obtained by Schroeter and Eisleb 
(A.. 1909, i, 575). The immediate cause of publication is the recent 
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communication of Anschutz (this vol., i, 48) on a new disalicylide, 
which iu many respects appears to be identical with the author’s 
salosalicylide, although slight discrepancies are shown in the m, p. 
of the two substances and of their derivatives. 

Salicylosalicylic acid, in spite of the presence of the free phenolic 
hvdn)xy-group, is smoothly converted by thionyl chloride into 
gilicijl osalicytyl chloride , 0H , C c HpG0*0‘C c TT.j'*C0Cl, m. p. 99°, 
whicli is converted in the usual manner into the corresponding 
anilide, long needles, m. p. 160'5°, p -pkenetidide, m. p. 154°, 
Methyl ester, ra. p. 88°, aiid glycine ester, m. p. 90—91°; the latter 
substance is readily hydrolysed, and, on further treatment with 
alkali, yields salicylic and salicyluric acid or ethyl salicylurate , 
iH’CgHi’CO'NTI'CHo'CO^Et, needles, m. p. 88°. Salosalicylide 
3 most conveniently prepared by boiling salicylosalicylyl chloride 
[issolved in benzene with diethylamline; the dried, crystalline pro- 
luct has m. p. 234° when rapidly heated, but, after crystallisation 
rwn nitrobenzene, the m. p. is constant at 214 -217°, whilst from 
>cnzene, a product, m. p. 204 — 208°, is obtained, the cause of these 
rariations being unexplained. Cryoscopic and ebullioscopic deter- 
ninations of the molecular weight in nitrobenzene and cryoscopic 
^terminations in phenol show the substance to have the formula 
W>4' 

A series of comparative experiments with salosalicylide and the so- 
sailed ' ‘ chloroform-salicylide ” (tetrasalicylide) is described, in all of 
which the latter behaves as the more stable substance. Thus, salo- 
salicylide is converted by boiling glacial acetic acid into salicylo- 
salicylic acid, whilst “ chlorofomn-salicvlide ” remains unchanged. 
Similarly, the former rapidly yields methyl salicylosalicylato with 
methyl alcoholic hydrogen chloride, whilst- the latter is unaffected. 
Salieylosalicylanilide and salievlosalicvl-p-pbenetidide are immedi- 
ately obtained from salosalicvlide and the requisite amine, whereas 
u chloroform-salicylide " can be boiled for hours with aniline without 
suffering alteration. Methyl alcohol containing sodium methoxide 
converts both salicylides into methyl salicylate. Concentrated 
sulphuric acid, alone and also in the presence of nitrobenzene, con- 
vert* salicylosalicvlic acid, salosalicvlide, and <! chloroform-sali- 
cylide ’’ into salicylic acid; if the action is rapidly interrupted, it is 
found that the free acid is most rapidlv, the “chloroform-salicylide” 
least rapidly, affected. Acetic anhydride and sulphuric acid con- 
vert- salicylosalicvlic acid into acetylsalicylosalicvlic acid, the same 
product being mainly formed from salosalicylide; “chloroform- 
salicylide/’ however, vieids >< ft ct rami i c >/l ic arid, 

0Ac'C [5 B,-C0 : 0-C 1 .Tf 4 C0-0-C ( JIp C0-0-C 1 .II 4 -C0,H, 
p. about 120°. Concentrated nitric acid converts salosalicylide 
nito nitrosalicvlic acid ; under analogous conditions, chloroform- 
salicylide is but little affected, nut nitration occurs with a mixture 

nitric and sulphuric acids, nitromlicyUdc . 

m - P- 26.0°, being formed. Protracted action of nitric acid on 
chloroform-salicylide” in the presence of nitrobenzene leads to the 
formation of a nitrotetrasalicyiic acid. 


(N0 2 'C fi H s <V°) 
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Methyl tetrasalicylate is obtained as an uncrystallisable, viscous 
yellow mass by the action of salicylosalicylyl chloride on the sodiuuj 
compound oF methyl salicylosalicylate; the possible conversion o| 
the ester into a tetrasalicylide has not yet been fully studied. 

H. ly. 

Phthalic Anhydride. II. The Melting Point of P ure 
Phthalic Anhydride. The System; Phthalic Anhydride. 
Phthalic Acid. K. P. Monroe (/. Ind. Emj. C 'hem., 1919, n 
1116 — 1119). — Pure phthalic anhydrido was prepared by subliming 
the product obtained by the oxidation of naphthalene m a vacuum 
apparatus in the presence of phosphoric oxide. The melting points 
of the first and second sublimates agreed. Phthalic acid Ws 
estimated by a method of differential titration, in which the sample 
was dissolved in acetone and tile solution titrated with standard 
normal potassium phthalato with bromophenol-blue (tetrabromo- 
phenolsulphonephthalein) as indicator. The sublimed preparations 
contained less than 01% of phthalic acid. The melting point was 
determined in a double-walled glass vessel immersed in a bath of 
sulphuric acid, and, alter fusion, the temperature was gradually 
lowered to the point of incipient crystallisation. The equilibrium 
point of crystals and liquid was loO'Sl 0 , Mixtures of phthalic 
anhydride and acid tested in the same apparatus gave a eutectic 
temperature, of 129*74°. By graphical interpolation, the melting 
point of pure phthalic acid was indicated to be 308° ±2°, [See, 
further, J. Foe. Chan, hid., 1920, 57a.] C. A. M. 

Phthalic Anhydride. III. The System: Naphthalene- 
Phthalic Anhydride. K. P. Monkof. (./. hid. Eng. Chem., 1913, 
11, 1119 — 1120).— The freezing points of mixtures of pure 
naphthalene am! phthalic anhydride were determined by the 
method previously described (preceding abstract), the eutectic 
point (26-9°) corresponding with 29'0% of phthalic anhydride. 
There was no evidence of the existence of solid solutions. The 
freezing points on the phthalic anhydride curve were calculated hr 
means of the formula f ' — ( — 7 I „7’ logi, r r)/Af , where (.■ Is a constant. 
x the mol. fraction of anhydride in the mixture, f 0 the freezing 
point of pure phthalic anhydride, T the freezing point of the nur- 
ture. and \t = T tl -T. The calculated values of C in this equation, 
based on the experimental values of 7\ averaged 1199. And since 
L = RCj 0 P 4343, where L represents the molar heat of fusion oi 
naphthalene (4560 cal.) and R the gas constant (1'9852 cal. 1« 
decree), the molar heat of fusion of phthalic anhydride = 5480 cl. 

° C. A. M. 


Phloroacetophenone . Kikmud Behari i'EN and Praphcua 
Chandra Ghosh (T.. 1920, 117, 61—63). 

Reactivity of Diphenylketen with the Nitrile Group. 

Adolfo Gonzalez ( Anal . Fin . Qmm ., 1919, 17. 136—- * . 
Diphenylketen was mixed in sealed exhausted tubes with ' a1101 
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substances containing the group *C:N. After remaining for 
twenty-four or forty-eight hours at 30° or 60°, the contents of the 
tubes were dissolved in aqueous ether. The ether then evaporated, 
U s<] the residue dissolved in alcohol. This solution of diphenyl- 
acetic acid, formed by the action of the water on the residual 
diphenylketen, was titrated with barium hydroxide solution. The 
nitriles of acetic, benzoic, and toluic acids showed only a feeble 
reaction with diphenylketen in the order named. Experiments 
v Pli cinnamonitrile, ethylcarbamine, dimethylcyanamide, and 
diethylcyanamide showed that these substances also reacted to a 
small extent only. With cyanogen bromide, a dense liquid was 
obtained, after evaporation of the excess of cyanogen bromide, 
which yielded a yellow polymerisation product of diphenylketen. 
UVdro^ett cyanide and cyanogen itself did not react with diphenyl- 
keteu.° B. M. 


Some New Bicyclic Ketones. Marcel Godchot and Flux 
Tmontv (Compt. rend., 1919, 169, 1168— 1171).— Using the 
method previously described (A., 1919, i, 447) with calcium hydride, 
the authors have prepared the following bicyclic ketones. 
i'-ilethul-l :\ l -cyc\ohe.xyHdene-3-methjjlcydohemn-Q-orie, 


CHMe< CH CH X.C< RH _. ( 


*>CH„ 


"CHj-CHMe- 

n i8o°/50 mm., D 16 0-9659, tif 1 4968, gives au oxime, m. p. 
jjc an ^ on reduction with hydrogen in the presence of platinum, 
siiw Vavou’s method, gives p-melhi/hydohr.xpli-metkpkydo- 
t ,«-6 -om, C 7 H 1S -C 7 H„0, b. p. 170-175»/60 mm., D=< 0 947, 
* 1-4852, yielding au oxime, m. p. 123 — 124°. 
i l -31dhyl-l:V-cyclohexplidene-3-cye\ohe..mn-'i-one, 


CH.<. 


CH o -CHMe N ,,. n .X'0-CHMe Nl „ 


CH,— CH/ 


b. p. 1750)40 mm., 0-9926, »j? l'oOO, gives an orime, b. p. 

150 165°/20 mm., and a semkarbaionc, m. p. 177 — 178°. On 

reduction by Yavon’s method, it yields i'-methyl-l : V-Vj&ohexyl-Z- 
meth//lcye\ohexan-2‘One, b. p. 166 — 169° / 35 mm., I) 12 0 9748, 
#5 14974, giving an oxime difficult to purify. Either of these 
ketones when reduced by sodium in absolute alcohol yields 
2'-methylcyc\ohexi/l-3-methyIcyclohexan-'2‘ol, b. p. 165 168°/ 
40 mm.'. D> 3 0-973, n\f 1-5034, giving an allophanate, m. p. 223°. 

2 - : i’-Dimethr/l-l : V-cye\ohexyliilene-3:5-dimeihyicyc\ohe.ran-i- 

^CH,-CHMe^ r . ( ,/CO-CHMe v 

, x-u<. cir C hmx ch *> b - p - 1S4 ~ 


one, 


CHMe< 


CH,— CH, 


185-/40 mm.. D' 9 0 956, ntf 1493. gives an oxime, an oil, and when 
reduced by sodium in absolute alcohol yields 1’ •A l -dimethylA.:V- 
tvclod r>y.3 :odimetht/}cyc\ohe,raii.2-ol, b. p. 183 — 191°/ 40 mm., 
D® 0-945, i»S 1-496, giving an aUophannte, m. p. 232°. W. G. 

j The Constitution oi Dypnopinacone and its Derivatives. 

piit-Eic-E Delacre (Ann. Chim., 1919. fix], 12, 150—178. Compare 
p, 1914, i, 1068; 1916, i, 679).— This paper, which should really 

vol. oxvm. i. g 



ABSTRACTS Of CHEMICAL PAPERS. 


i. 166 

precede the theoretical paper previously published (compare A,, 
1918 i, 539), deals with the inter-relationship and preparation of 
the isomeric homodypnopinacones and homodypnopinacolina aid 
their transformations. It is an elaboration of work previously 
published (compare A., 1896, i, 591, 662). w. G. 


Chlorothiolanthraquinones. K. Fbies and G. Schdrmaxs 
(Ber., 1919, 52, [B\, 2170 — 2181). — A continuation of previous 

work (A., 1912, i, 1005). „ , „ , . 

Derivatives of 2 -Thiolanthraqumone [with K. Rossj.— 2-Ammo, 
anthraquinone is diazotised in concentrated sulphuric acid solution 
and the diazonium sulphate is converted by potassium ethyl xanthate 
into ethyl 2 -anthraqmnonylxanthale, yellow needles, m. p. 151°, 
from which 2-thiolanthraquinone (Gattermann, A., 1912, l, 998) is 
obtained by the action of alcoholic potassium hydroxide solution. 
2-Chlorothiolanthraqmnone, yellow, prismatic crystals, m p, 
136° is obtained by chlorination of the corresponding thiol or 
disulphide in chloroform solution, and is a highly reactive sub- 
stance; with alcoholic potassium hydroxide solution it appears to 
yield a solution of potassium 2-anthraqumonesulphenate but the 
corresponding acid could not be isolated. When boiled with 
acetone it gives 2 -acetonylthiolanthraquiaone, 

C 4 H 4 <^>C 6 H 3 'S-CH 2 -COMe, 


vellow prisms, m. p. 165°, whilst with aniline in benzene or chloro- 
form solution it forms %anilvwthiolemthra( 1 mnone t orange needles, 
m p. 171°. When a solution of the chlorothiol m chloroform b 
shaken with water it gives 2-uiithraqiiinosulplnn>c anhydride, smi 
colourless crystals, m p. 260° (decomp.), which is also produced 
when the chloride is boiled with alcohol. . 

Derivatives of l-Thiolanthraqmnone.— Di-l-anthraqumonyl disul 
phide (compare Gattermann, loc. at.) is most, conveniently prepare 
by treatment of an alcoholic solution of 1-chloroanthraqumone \ut 
aqueous sodium disulphide, and is transformed into the correspond 
ing thiol by the action of dextrose and sodium hydroxide. . 

1-Bromothiolanthraquinone reacts readily with ammo 
aniline, and dimethylaniline respectively yie ding the > 
ing amide, orange needles, which do not melt below 300 and tf 
converted by boiling acetic acid into ^anthraquinoned .9-t 
azole (Gattermann, loc. at.), anilide, shining, red needles m. 
210°, and p -dimethylaminophemjl derivative, «d “eedle , 'J 
285°. With ethyl sodioacetoacetate, 1-broinothiolantr q 
yields the compound, 

C 6 H 4 <^>C 6 H 3 -S-Cn(CO,Et)-COMe, 

yellow needles, m. p. 163°, which when boiled 

passes into the substance (I), yellow, prismatic P 

Similar ring formation occurs when an alkali salt .of 1^ 

quinone is treated with w-chloro-y-hydroxyacetophenone, 
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dud (II) crystallising in golden leaflets, m. p. 258°, and yielding 
re d sodium, salt. On the other hand, sodium 1-anthraquinone- 
COMe CO-CjHj-OH 

i i 

0 — S 0 — s 



(I.) (H) 

sulphenate reacts normally with p- and o-nitrobenzyl chlorides, 
yielding 1-anthraquinonyl p-nitrobemyl sulphide, orange leaflets, 
a, p. 243°, and 1-anthraquinonyl o-nitrobemyl sulphide, orange 
needles, m. p. 251°; attempts to eliminate water from these com- 
pounds with the formation of a thiopheu ring were unsuccessful. 
Resorcinol and 1-bromothiolanthraquinone gave l-anlhraquinonyl 
4 -risorc’jl sulphide, orange needles, in. p. 232° . 

I - Anthraquinonyl phenyl sulphide, m. p. 185°, is formed by the 
action of benzene on 1-chlorothiolaiithraqiiinone in the presence 
oi aluminium chloride, and is identical with the product obtained 
tv Gattermann ( loc . cit.) from a-nitroanthraquinone and phenyl 

prcaptan. 

The action of ethyl sulphate on an aqueous-alcoholic solution of 
ilium anthraquinonesulpheuate leads tothe formation of l-anfhra- 
tbmyl ethyl sulphoxide, yellow needles, m. p. 180° (decomp.), the 
institution of which follows from its conversion by acetic and 
ydrobromic acids into 1-anthraquinonyl ethyl sulphide, m. p. 183° 
fiattermami, loc. cit.)-, on the other hand, the free acid, when sus- 
ended in alcohol and treated with ethyl sulphate, is transformed 
oto the corresponding ethyl ester, m. p. 149° (Fries, loc. cit.). 

H. W. 

4-Aminoanthraquinone-l-sulphenic Acid. K. Fbies and 

3. SchCbmann (Her., 1919, 52, [it], 2182 — 2195).— The only sul- 
fate acid which has hitherto been isolated in the pure condition 
is l-anthraquinonesulphenic acid (Fries, A., 1912, i, 1005); in their 
adeavour to isolate further examples of this class of substance the 
luthors now describe attempts to prepare the corresponding 
Hydroxy-, 4-methoxy-, and 4-amino-compounds, which, however, 
ire not entirely successful. 

I i-oromo-l-hydroxyanthraquinone, coarse, orange-yellow needles, 
- p. 191°, is prepared by the action of bromine on a hot solution 

II- hydroxyanthraquinone in glacial acetic add in the presence of 
mum acetate. (It forms a red sodium salt, which is sparingly 
mole in water.) Under similar conditions, but with double the 
®ront of bromine, l-A-dibromo-L-hydroxyanthraquinone, orange 

ip n. P- 235°, is produced. 4 : 4'-Dihydroxydi-l-anthraquin- 
■yl disulphide, reddish-brown, flat prisms, m. p. above 300° (com- 
lfe Gattermann, A., 1912, i, 998), is conveniently prepared by the 
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action of au aqueous solution of sodium disulphide on l-bromo^. 
hydroxyanthraquinone dissolved in alcohol, and is reduced by dex- 
trose to A-hydroxy-l-t h iolant h raquinone, red needles, m. p, 1940 
(methyl thio-ether, shining, red leaflets, m. p. 217°, whereas G alter, 
maun (loc. cit.) records 194°; mlphoxide of methyl thiacthtr 
orange-reddish leaflets, m. p. 226°). DiA-hydr 0 xy - 1 -ant h raqui nonyl 
momsidphide crystallises in red, intertwined needles, m. p. above 
300°, whilst the corresponding sulphozide forms slender, yellow 
needles, m. p. 287°. Di-4-hydroxy-l-anthraquinonyl disulphide is 
oxidised by hydrogen peroxide in sulphuric acid solution to 
A-hydroxyimthraquinone-l-sulphonic acid, yellowish-brown needles 
m. p. 220° (the sodium and ammonium salts are sparingly soluble in 
cold water and crystallise in reddish-brown leaflets with metallic 

glance), and by nitric acid to S-uitroA-hydroxyanthraquinone-l-sul 
phonic acid , yellow, rhombic prisms, m. p. 278°, after darkening 
above 255° (the sodium, ammonium, and potassium salts dissolve 
sparingly in cold water and form shining, yellow leaflets). 4 rllydt- 
oxyanthraquinone-l-suiphonyl chloride, golden-yellow leaflets, in. p. 
246°, is obtained in place of the expected chlorolhiol when 
a suspension of the disulphide in chloroform or glacial acetic acid 
is treated with chlorine; the corresponding anilide forms shining, 
yellow needles, m. p. 199°. 

l-Jiromo-A-mcthoxyanthraquinone, pale yellow needles, m. p. 
195°, is obtained by methylation of the hydroxy -com pound with 
methyl sulpha'te, and is converted by sodium disulphide into di-4- 
xnethoxy-l-anthraquinouyl disulphide, yellow needles, m. p. 285° 
(compare Gattermaun, loc. cit.)', the latter is not attacked by 
bromine, and is transformed by chlorine into a sulphonic chloride, 
which was not further investigated; i-methoxy-l-anthraqumnyl 
methyl sulphide, orange-red needles, in. p. 187°, is prepared by 
reduction of the disulphide, followed by methylation of the thiol so 1 


produced. 

Di-4-amino-l-anthraquinonyl disulphide, m. p. above 300° (com- 
pare Gattermaun, loc. cit.), is conveniently prepared from 4-chloro 
1 -aminoanthraquinone and sodium disulphide, and is readily 
reduped to the corresponding thiol, which could not be isolated 
owitthSMb its unusual susceptibility to oxidation. It is transforme 
by chldrine into 3 - chloro - 4 -aminoanthraquinone-lsulphoin 
chloride, orange-red needles, m. p. 230°, when rapidly heate 
after darkening above 200°; the corresponding acid font 
slender, orange-yellow needles, in. p. (anhydrous) 217° (decomp 
(the ammonium salt forms red needles, m. p. about 30k 
whilst the anilide, coarse, brownish-red crystals, has m. I 
210°). The sulphonic group is displaced by bromine- "'id 
formation of 2>-ch}nrn-\-bromoA-aminoanthra<juinoue, m. p* ~h 
4 -Amino-1 -chlorothiolanthraquinone is obtained ill an unp^ 
condition by the action of bromine on aminoanthraquinonvl diN' 
phide, or, preferably, by the reduction of aminoanthraquinoiio 
phinic acid by hydrobromic and acetic acids ; it is thus obtained 
an unstable hydro bromide, orange-yellow needles, which decomp 5 
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above 200°; mineral add is removed by contact with alcohol or 
aqueous acetic acid, but the free amino-compound is too unstable to 
be isolated. The nature of the hydrobromide is established by the 
formation from it of the mlphonanilirh, coarse, reddish-violet 
needles, m. P- 180° (decomp.), and of i-amino-l-anthraquinonyl 
nsorcyl sulphide, brownish-violet leaflets, m. p. 247°. Potassium 
i. a minoanthraqmnoneA-gulphenate, dark green needles with 
metallic glance, is prepared from the bromothiol, hut attempts 
to isolate the pure sulphenic acid failed ; the constitution of 
the salt, however, is established hv its conversion into 4-aiitino- 
anfhraquinonyl methyl stilphoride, slender, red needles, m. p. 234°, 
which is reduced by hydrobromie and glacial acetic acids to 4-amino- 
anthraqninonyl methyl sulphide, m. p. 210° (compare Gattermann, 
tee. e it-), and by its oxidation to 4 -aminoanthraqumoncsnlphinie. 
nr id. red needles, m. p. 191° (decomp.), which forms a sparingly 
soluble potassium salt. H, w. 

Certain Metallic Derivatives of Hydroxyanthraquinones. 

jr. L. Chossley (./. A'mer. Chem. For., 1919. 41, 2081—2083).— 
Hydroxyanthraqninones, such as alizarin, antbrapurpnrin, and 
llavopurpurin, form copper, cadmium, nickel, and iron salts when 
boiled in an organic solvent with the corresponding metallic 
chlorides, anhydrous sodium acetate, and nitrobenzene. Cooper, 
niJmhm, nickel, iron-, rohnlt, and chromium salts of alizarin have 
hem prepared, having the general formula except in the 

esse of the cobalt salt, which has C J -.H-, 1 0 1 ,Co. 

The copper and nickel salts of anthrapnrpurin and ilavopurpurin 
were also prepared. These alizarin salts dye wool a pale shade of 
the colour which alizarin gives on wool previously mordanted with 
the corresponding metallic salt. W. G. 

Oxidative Formation of Hydroxydianthraquinonyls from 
Hydroxyanthraqninones, II. Experiments with Erythro- 
hydroxyanthraquinone and Quinizarin. K. Scholl, E. 
SntinxGEK, and 0. DiscnExnonrER (Per., 1919, 52 , [ff|, 
5154— 2 2 61).— The formation of tetrahydroxydianthraquinonyl by 
tbs action of hypochlorite on an alkaline solution of alizacin,;(this 
™1 . i, 61) does not appear to be an example of a general reaction, 

■ Further examples, however, are indicated in the patent literature in 
le cases of erythrolmlroxvanthraquinone and quinizarin. 

According to D.R.-P 1 67161 . ervthrohydroxyanthraquinone, 
ben melted with potassium hydroxide, yields the hydro-compound 
of a substance, C,„H 14 O f , of unexplained con- 
stitution: this is now shown to be l:l f -di- 
hydroxy-2:2'-diantliraquinonvl (annexed for- 
mula), since when distilled with zinc dust in a 
hydrogen vacuum it gives 2:2'-dianthryl and 
when heated in carhon dioxide at 500° it gives 
j, 2:1 l -tli/inthrnqni>u>nyleneA :V-o,ride, greenish- 
yellow' needles. The product appears to be 
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formed by the action of air on the aqueous solution of the melted 
mass and nob during the process of melting. 

Quinizarin, according to D.R.-P. 146223, is converted by salt, 0 f 
weak acids into two compounds, C.^H 1( t), and (XqTT^/V the first of 
which is described as giving a soluble blue sodium salt, whilst the 
latter yields a bluish-violet, insoluble sodium salt. It is now shown 
that only the acid which forms an insoluble sodium salt is a new 
substance, and that it has the composition C^I^Og, whilst the other 

product is a mixture of this acid 
with quinizarin. The substance is 
now shown to be 1 : 4 : 1 ' : i'-tetm- 
hydroxy-l : 2 ' -diantkraipiinongl 
(annexed formula), since it gives 
2 :2'-dianthryl when distilled with 
zinc dust and a furan derivative 
when melted with zinc chloride, 
A. G. Perkin and W. H. Perkin (T., 1888, 53, 831) have 
described the isolation of three substances, C., g H 14 Og, and 

0„H 6 0 4 , by the distillation of sodium anthraquinone-2-sulphonate; 
the first of these has been submitted to distillation with zinc dust, 
whereby anthracene and 2 : 2'-dianthryl are obtained, but the result 
does not throw any definite light on the constitution of the 
substance. IV. 



oa» 


Isomeric Carvomenthols and Scission of Inactive 
Carvomenthol into the Optical Antipodes. I. and II. 

Vincenzo Faot.int (AtH It. Accad. Lincel 1919. [v], 28, ii, 82 81. 

134 1 37). The author prepares pure, inactive carvomenthol by 

reducing carvone bv means of zinc dust and sodium hydroxide, 
transforming the dihydrocarvone thus obtained into the isomeric 
carvenone by heating it with dilute sulphuric acid, and reducing 
the carvenotie by means of sodium and alcohol. From this inactive 
carvomenthol, the bevo-isomeride may be isolated by crystallisation 
of the less soluble of the two carvomenthol strychnine phthalates. 
and conversion of this into f-carvmnenthol hydrogen phthalate, and 
the latter into f-carvomenthol. The carvomenthol hydrogen 
phthUlate prepared Trom the mother liquors of the above strychnine 
salt is syrupy, but, when treated with the calculated proportion o. 
ammonia and with silver nitrate, it yields insoluble silver rl-eim 
menthol phthalate, aud from this, by way of sodium ,7-carvomenM 
phthalate and rf carvomenthol hydrogen phthalate, d oarvomcn 
may he isolated. 

\-Tarvnmenthol strychnine phthalate, 

C, n H 1 ,,-C0 ; ,-C f ITpC0 2 -C., i no. ! 0,N>- „ 

forms colourless needles, m. p. 155 -156°, [“]n -Jl 4 j 

\-Carvomenthol hydrogen phthalate , COJI-b c l l 4 1 m . 
forms crystals, m. p. 125°, fo1„ -3-80° (m alcoho ). , 

b Carvomenthol, C in H„-OH. forms an oily p 46 l, 

faint odour of peppermint, b. p. 218° (corr.), D O -■ 11 
Mn -1'82 0 . 
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Silver d-carvomenl/wl phthahte is obtained as a voluminous, 
vbite precipitate, and may be purified by crystallisation from abso- 
,ite alcohol or by precipitation from chloroform solution by addi- 
j 0 n of alcohol and ether. 

i-Carvomenthol hydrogen • phthahte. forms slender, colourless 
leedles, w. p. 109°, [o] B +4-62° (in alcohol). 

i-Carvomenthol has b. p. 218° (corr.), D> 5 0'9074, n‘„ s 1'463 
;»] 0 + l'83°- T. H. P. 

Reduction Products of Pulegone : Pulegol. I, and U. 

J. Paolini (Atti R. Accent.. Lined , 1919, [v], 28, ii, 190—192,' 
136— 239).— Pulegol (compare Tiemann and Schmidt, A., 1897’ 
, 198), which previously has not been obtained free from menthol,’ 
us been prepared pure by the author. 

The products formed by reducing pulegone by means of sodium 
md alcohol contain about 30% of a yellow resin, C^H^Os, which 
ippears to be identical with the bispulegone obtained by reducing 
wlegone with aluminium amalgam (compare Harries and Roeder, 
i,, 1900, i, 183), and is of unknown constitution, although it is 
ividently a mixture of optical feomerides, possibly of ketonie 
pinacone) character. 

The mixture of alcoholic compounds separated from the reduction 
iroducts of pulegone by distillation in a current of steam was 
sterified in the cold with phthalic anhydride (compare A., 1911, 
, 730), the various hydrogen phthaiates thus formed ' being 
separated by crystallisation and converted into the corresponding 
dcohols. In this way, /-menthol of peppermint oil, a solid 
i-raenthol, and /-pulegol were isolated, 

[■Menthol hydrogen phthahte, CO.,H-CJT ) -CO,-C,„H I9) forms 
rifts of soft, white needles, m. p. 107—108°, [o| D — 107-5°. The 
■orresponding /-menthol is a crystalline solid, m. p. 44°, b, p. 214° 
'corr.), [o]„ -49'7°. 1 -Menthol strychnine phthahte, 

CO,H- C 6 H,-C0,-C 1 „H,„C ;i 11, 2 0,N „ 
orms soft, white needles, m. p. 157 — 158°, [a] n ' -44'46°. 

i-Menthol strychnine hydrogen phthahte forms crystals, m. p. 
107—208°, [n] n - 1 1 ■ 7°. A-Mcnthol hydrogen phthahte forma 
crystals, m. p. 107—108°, fain +18-4°. ' A-Menthol, CJUfl, is a 
»lid and has m. p. 88—89°, b. p. 214°, and [o]„ +21'8°; it is a 
saturated compound, and is possibly identical with the a-pulego- 
menthol obtained by Haller and Marline (A., 1905, i, 533) by 
reducing pulegone by Sabatier's method. 

Pnhgol hydrogen phthahte. crystallises in slender, 

"bite needles, m. p. 212°. [a]„ — 86 S°. \-Pulegol forms slender, 
shite needles with a faint odour of menthol, m. p. 46 — 47°, 
8 In — 54’6° ; it is an unsaturated compound, and readily decolorises 
permanganate and bromine solution, tho bromide, C I0 H l6 OBr B , 
wing a dense, colourless, oily liquid. T. H. P. " 

Transpositions in the Camphene Series. G. Laugiois 
0him -< 1919, [ix], 12, 193 — 264). — Tn the first part of the 
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paper, a brief resume is given of the chemistry of camphene and 
its derivatives. A closer study has been made of halogenatiun in 
this series, and the constitution of the monochloro- and monobrom 0 . 
derivatives of camphene has been established, and a new method 
of synthesis for the introduction of carbon containing substituents 
into the side-chain has been found. 

A general outline of the work is given, and the experimental 
work is to be published later. A new method of nomenclature is 
advocated for the campheno series based on the hypothetical 
camphenylane (formula I) and the hypothetical radicles 
camphenylene (formula II) and eamphenylidene (formula III), 


CH 2 — OH — CMe. ; 

CH— CH- 

-CMe 2 

CH,— CH— CMe. 

i i i 

1 

1 h 


CH S 

CH,— CH— CU 2 

CHj— CH- 

-CH 

CH.— CH— 0= 

2 1 6 

(i.) 

ITI.) 


(III.) 


In this system, camphene, becomes 


camphenylidene-6-methane, 
IV. G. 


Chemical Investigation of Various Natural Lacquers, 

Riko Majima (/. Tokyo Ohem. Soc., 101!). 40, 9) - 126. Compare 
A., 1908, i. 437; 1909, i, 402, 945; 1912, i. 883). — Chinese lacquer 
(from Rhus vernicifera, Dc.) is essentially the same as Japanese 
lacquer; both contain urushiol. Yunan lacquer (from R, sure*. 
danen, L. fils), Formosan lacquer (from ,SY mecnrpus rernicilm). 
and Ivy lacquer (from 7? . to.rirodendron II contain laccol, C.^HyO., 
a homologue of urushiol. Hydrolaccol, C, 7 'H S5 *Cf,H i! (OH)j [2:31, 
m. p. 63—64°. forms a dimethyl ether, m. p. 43^4°, a mononitm 
derivative, m. p. 75—76°, and c7«mfro-derivative, m. p. 8G 87°. 
Burmese lacquer contains thitsiol, Htidrnthd shtl . 

C 1T H, 5 -C„H,(OH), [3:4], 

m. p. 94 — 96°. forms a dimethvl ether, m. p. 56 -57°, and mono- 
nitro-derivative, m. p. 75—76°; the dinitro-derivative is difficult 
to prepare. Hydrothitsiol is therefore very similar to tsohviro- 
urushiol, and probably belong to the same group, bum 
urushiol and laccol, thitsiol contains a group which is hydrogenate! 
or ozonised only with difficulty. 

Siam lacquer is probably a mixture of Yunan and Burnies 
lacquers. Korean lacquer is assumed to be identical with Japam-e 
lacquer. Chemical Abstracts. 


Bromination and Constitution of Caoutchouc. JY J ■ 

Schmitz (Gnmmi Zeit.. 1919, 34. 167 169, 193— 19o). * , 

rubber which has been “ depolymerised ” by heating 
under a pressure of 15 atmospheres forms an additive coi l 
C,„H,,Br, (l , when dominated in carbon tetrachloride, t . P 
gradually eliminates hydrogen bromide, with formation o • 
crystalline compound, C„ (] H 3 „Br s , which is insoluble m carbon 
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chloride and is quite distinct from the ordinary “ caoutchouc tetra- 
bromide.” The decabromide is probably an open-chain compound, 
„,,1 it is uncertain whether the disruption of the cyclic caoutchouc 
molecule occurs during bromination or in the previous depoly- 
merisation. In the bromination of solutions of ordinary rubber, 
the chemical process is complicated by colloidal phenomena which 
are absent in the case of the depolymerised hydrocarbon. [See also 
./, Soc. Chetn. M., 1920, 73*.] " D. F. T. 

preparation oi Double Compounds of CaSeine with 
Alkali Salts oi Acetylsalicylic [o-Acetoxvbenzoic] Acid. 

CriMiscHE Fabbik J. A. Wulfino (Brit. Pat. 136187). 

_ -o-Acetoxybenzoic acid (2 mols.), an alkali carbonate (1 mol.), 
and caffeine (1 mol.) are homogeneously mixed, and the mixture is 
moistened with an alcohol, ester, ketone, or chlorinated hydrocarbon 
u( the aliphatic series to the consistency of a viscous paste, which is 
kneaded until a sample dissolves in water to a clear solution with- 
out the liberation of carbon dioxide. The solvent is then removed 
l>v evaporation at a low temperature, and the product, consisting 
oi" the o-acetoxybenzoate of caffeine and the alkali metal, is finally 
dried in a vacuum. G. F. M. 

Syntheses in the Cinchona Series. II. Quaternary Salts. 

W’altek A. Jacobs and Michael Heidei.hekger (,/. Amer . Chem . 
Hot., 1919, 41, 2090 — 2120). — The authors have prepared a number 
of quaternary salts from the different cinchona alkaloids with a 
view to a study of their bactericidal or, more specifically, pneumo- 
mccidal powers. The methochlorides, the benzyl chlorides, and the 
salts formed with the chloroacetyl derivatives of ammonia, the 
loner aliphatic amines, and benzylamine have been prepared. In 
the case of the chloroacetyl derivatives of the aromatic amines, the 
new series of salts with the alkaloids were only sparingly soluble 
in cold water, the other salts named above being, in general, fairly 
readily soluble. Solutions of all of the salts, aliphatic or aromatic, 
rave immediate precipitates with solutions of picric acid or 
potassium dichromate. 

The quaternary salts of the alkaloids with the chloroacetyl deriv- 
atives of the aliphatic and aromatic amines were prepared by boil- 
in? eqnimnlecular amounts of the components in dry acetone for 
live to seven hours. The following salts arc described. 

Cinchonine gives a methorhloride decomposing at 270°, 
a.r -225-1°; a benzylochloride. m. p. 280° (decomp.), [h]d 
164-s°; an iotlonrrfnmvh, decomposing at about 190°; a ohloro- 
t'ttmhlt, in. p. 110 — 120° (decomp.), fa]® - 1 74'2°. 

Cinehonidine gives a methorhloride, m. p. 232 — 233° (decomp.). 
«]? --142-7°; a chlornncetnmidr. m. p. about 190°. [<*Tn s — 112-5°. 

Quinine gives a methochloride. m. p. 196 — 198°, [o],f — 211 "7° ; 
a benzylochloride. m. p. 183 — 188°, [a]p — 230 5° ; an iodoacetamide, 
®- P- 175 — 180°, [a]; 1 - 152-2°; a chloroaeetamide, m. p. 190° 
(decomp.), [a]])— 159-6°; a chlornac/’tnnilide, m. p. 224 — 225° 

9 * 
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(decorap.), [a]“ s -131-5° (in alcohol), giving a hydrochloride, ffi . p 
204 — 206° (decomp.), and a nitrate, m. p. 201 — 203° (decomp. ) ; 

quinine-'G-chloroacetylamino phenol, 

C 20 H, 4 O 2 N,,CH : ,Cl-CO-NH-C 6 H 4 'OH, 

m. p. 205° (decomp.), quimne-o-chloroacetylaminobenzamide , 
C 2 ' 0 H, 4 b 2 N 2 ,CH. 2 Cl-CO-NH-C f ,H 4 -CO-NH. 2 , m. p. 178— 179c 
(decomp”. ),"[“]« -164'4° (in alcohol). 

Quinidine gives a methochloride, m. p. 250 — 251° (decomp,), 
[a]J +253-1°; a benzylochlorkle, m. p. 180° (decomp.), 

+ 219'9°; an iodoacetamide, m. p. 190° (decomp.), [a];,"' + 16G'2° (in 
alcohol); a chloruacetamide , m. p. 205° (decomp.), [a];; -P 207*2° ; 
an iodoacetylcarbamide, m. p. 170 — 175° (decomp.), and a chloro- 
aceiylcarbamide, m. p. 176 — 178° (decorap.), [ajt>’ 5 -1-170'9°. 

Hydroquinine gives a methiodide, m. p. 233 — 235° (decomp.), 
[a]^ -107-6° (in alcohol); a methochloride, m. p. 172—1/30 
(decomp.), [a]), 1 1 —162-9°; a benzylochlorule , m. p. 202 — 203-5° 
(decomp.), [a]? -196-9°; an iodoacetamide , m. p. 185", 

[«]f s -121-5° (in alcohol); a chloroacetamide, m. p. 195" 
(decomp,), faTJ -129-1°; a chloroacr.tomethylamide, 
C, 0 TT 2C O,N 2 .CH,Cl-CO-NHMe, 

m. p. 160°; a chluroacetoethylamide, ni. p. 160°; a chloroacetodi- 
m ethyl amid e ; a chl&roacetodiethylainide, m.p. 209 — 210° (decomp,), 
f “lu —84-8°; a chlorontitoheiui/biniide, 

C.2 0 HoiiO.,N.,.CHX!-CO-NTT-CHVPh, 
m . p. 197 — 198°, fa]? -42-5°; a chlaroacetandide , m. p. 210° 
(decomp.), [a]* -95'9° (in alcohol), giving a hydrochloride and a 
dinitrate; a m-nitrochloroacetanilide, m. p. 195 — 200° (decomp.); a 
m-chloroacetylaminoacetanilidc , 111. p. 130° (decomp.); a p-cWoro- 
aceti/l ami non retail Hide, m. p. 205°; a p-chloroacetylaminodimethiil- 
aniline, Co 0 H., ti O L X.,,CH s Cl-CO-Xn-C = H 4 -NMe 2 , m. p. 200° 
(decomp.), [a 1 );” -82-9° (in alcohol); a 'p-chloroac.etylaminodiethyl- 
aniline, m. p. 190—195°, [a];? — 80o° (in alcohol); an o-cM ora- 
acetylaminophenol, m. p. 185° (decomp.); a m-chhtroacetylamino- 
phenol, m. p. 205°, [a];! -115-7° (in alcohol), giving a hydro- 
chloride, m. p. 200°’; hydroqitinine-\i-chloroacetylaminophend 
hydrochloride, m. p. 196—197°; hydrot/uinine-A-chloroae.etylamm 
catechol hydrochloride, 

C,„H 26 0 2 N.,,CILCl-C0-Nri-C ( .,H 3 (0n),,HCl, 

m. p, 196— 198° ’ (decomp.) ; hydroquininechloroacetyl-o-misidine , 
m. p. 185°, [a]i;‘ -72-5° (in alcohol); liydroqtiininechloroacetyl-m- 
anisidine, m. p. 190°, [o]'ff —102-9° (in alcohol), giving a hydro- 
chloride, m. p. 170—171°; hydroquinitiechloroaeetyl-p-aniiiivn, 
m. p. 190°, [a]“ -93 9° (in alcohol), giving a hydrochloride, in. p. 
180 — 184°; hydror/uininecJiloroaretyl - o - phenetidine, m P- 
170 — 172°; hi/droquininech!oroacetyl-m-phenetidine hydrochloric 1 , 
m, p. 173 — 174°; hydrof/vininechloroacetyl-f-phenetitKne, m. p 
210°, fa]p * -89-1° (in alcohol); b/droriuinine-i-cMoroacetylamm 
fftiaiacol, C 2n H, n O,N„,C fi H 3 (OII)(OMe)-NH-CO-CH 2 Cl, ra. p. 

(decomp.) ; hydrof/iiinin e-3 : i-mcthylcnediozychloroacetanihac , 

C m H 28 O 2 N,,CH 2 O,:C 0 H 3 -NH-CO-CH 2 C), 
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jn. p. 185°; hydroquinine-3 A-dimelhozychtoroacetanilide, a. p, 
205—210° (decomp.); hydroquinine-m-chloroacetylaminobemenc- 
^(phammide, Cj.ifl^O^N.j.ClIjCl-CO'N H'CgH^'SOg'NHjj, tq . p, 
200 -205° (decomp.). 

Hydroquinidine gives an iodoacetamide ; a chloroacetamide, m. p. 
210 °' (decomp.), [a]* + 179'9°; hydronuinidine-p-cUoroacetylaminch 
phenol; m. p. 285°, giving a hydrochloride , m. p. 245 — 250° 

(decomp.); hydroquinidinechloroacetyl-p-anisidine, m. p. 260 265° 

(decomp.), giving a hydrochloride, m. p. 196—200° (decomp.). 
Hydrocupreine gives a chloroacetanilide hydrochloride, m. p. 
213—214° (decomp.), and a chloroacetyl-p-anisidine hydrochloride , 
m. p, 210° (decomp.). 

Ethylhydrocupreine gives a methochloride, m. p, 198 — 199°, 
[«)» -176'7°, and iodoacetamide, m. p. 185°, [a]f -115’4° (in 
alcohol); a chloroacetamide, m. p. 195°, [al^-114'8 0 ; a p -chloro- 
oeetylammopheml, m. p. 178—182°, [a]^-71-8° (in alcohol), 
giving a hydrochloride, m. p. 196 — 197°; ethylhydrocicpreinechloro- 
mtyl-p-anisuline, m. p. 200°, [a] “ -69-0° (in alcohol), giving a 
hydrochloride, m. p. 204 — 205° (decomp.); ethylhydrocwprane- 
c hhroncctyl-p-phenetidinc , m. p. 210° (decomp.), [a]))’ — 75’25° (in 
alcohol), giving a hydrochloride, m. p. 208° (decomp.). 

Most of the melting points given above are only approximate, &b 
the substances turn to jellies long before they become fluid. 

w. a. 

Synthesis in the Cinchona Series, HI. Azo-dyes 
derived from Hydrocupreine and Hydrocupreidine. Michael 

Heidelberger and Walter A. Jacobs ( J . timer. Chem. So c., 1919, 
41, 2131—2147). — Both hydrocupreine and hydrocupreidine behave 
k a normal manner as phenolic compounds, and yield well-defined 
azo-dyes with diazotised aromatic amines, and the authors assume 
that position 5 in the quinoline nucleus is the place of entrance 
of the azo-group (compare Giemsa and Halberkann, A., 1919, 
i, 342). In general, the benzeneazo- and tolueneazo-dyes, as well as 
those with m-substituents in the benzene ring, dye silk various 
shades of orange, o- and p-Alkoxy-groups deepen the-e colours 
towards the red, whilst the dyes from the naphfchylamines dye silk 
a deep rose colour. These substances have the property of dyeing 
unmordauted cotton. Many of the substances described below are 
highly bactericidal in vitro. The following azodyes have been 
prepared : 

amieneiuohydrocitpreme, m. p. 130°, giving a dikydrocldoride, 
it- p. 1S1 — 183° (decomp.); o-tohieneazohydracupreinc, m. p. 
110—130° (decomp.) ; m-tohienc#zohydrocupreine , m. p. 125 — 130°, 
gmBg a dikydrocldoride, m. p. 195° (decorap.); p -toluencazohydrfy 
cupreine, m. p. 202 — 205°; a-mphthaleneazokydrocupreine, m. p. 
146—149° (decomp.) ; $-va phfhaleneazohydrocupreine, m. p. 
40—244° (decomp.) ; dibenzene-p-bi&azohydrocupreinc , m. p. 204° 
Wecomp.); m-nitrobe.iizeneazohydrocupreine , m. p. 150‘5 — 151 '5°; 
^tfrobenzeneazohydrocupreine, m. p. 220° (decomp.); m -acctyl- 

9 * * 
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aminobemeneazohydrocupreine, m. p. 156 — 180°; m-carbami,l a . 
benzeneazohydrocupreine, m. p. 165 — 185° (decomp.); p -amino- 
bcnzeneazokydrocupreine, m. p. 155 — 165°; p-ncetylaminobenztne- 
uzohydrocupreine, m. p. 158— 1G2° (decomp.); p -carbamidobenzene. 
uzohydrocupreine, decomposing at 190° ; p-hydroxybenzeneuzohydn- 
cupreine, m. p. 150—160° (decomp.); p-bemoyloxybenzcnmo- 
hi/drocupreine dihydrochloride , m. p. 185 — 195° (decamp.; ; 
2 -methoxybenzeiieazohydrocupreiiie, m. p. 120°; 3 -viethoxybenzene- 

uzohydrocupreine, m. p. 188 190°; i-methoxybenzeneazohydro- 
cupreine, m. p. 213—215° (decomp.); 2-ethoxybenzeneazob/dn- 
cupreine, m. p. 135—140°; 3-etlioxybenzeneazohydrocupreine, m. p. 
90 — 125°; i-etbo.rybenzeneazohydrocupreine, m. p. 156—161°; 
3 : i-methylenedioxyhenzeneazohydroeupreine, m. p. 177. — 184°; 
3 ■A-dimcthorybenzenenzohydrocupreine, m. p. 110°; S-methoxyA- 
ethoxybenzencazobydrocupreine, m. p. 100 — 135°; i-methory-b- 
etho.rybenzeneazohydrocupreine, m. p. 75 — 120°; 3:4 -dimethoxyA 
carboxybenzeneazo'hydrocupreine, m. p. 236° (decomp.); o -phenyl- 
ulycollic acid-p-azoln/drocupreine, 

co,h-ch,-o-c c h 4 -n:n-c 19 h 23 o,n 2 , 
ill. p. 199 — 200° (decomp.); m-carborylamidobenzeneazohiulro- 
cupreine, m. p. 195° (decomp.), gives a <li hydrochloride.; p-sulpho- 
benzeneazohydrocupreine, m. p. 252° (decomp.) (compare Giemsa 
and Halberkann, he. cit.), gives a scarlet sodium salt; m-sulphon- 
amidobenzeneazohydrocupreine, in. p. 170- 190°; p -sulphonomido- 
benzeneazohydrocupreine, m. p. 155 — 190°; ejuinolyl-^-azoliydro- 
cupreine, m. p. 232—234°; benzeneazoliytlrocupreidine, m. p. 
183—185°, gives a dihydrnchloride, m. p. 220—221° (decomp.); 
a-na ph thnleneazoh ydrocii preid in e , m. p. 132 140°; \ynitrobemm- 

aznhyilrncnprridine. m. p. 135—139°; p-sul phohenzeneit’ohydm 
cupreidine, m. p. 247° (decomp.) ; benzeneazo-6-hydroxyquinoline 
has m. p. 160 161'5°. Most of these compounds show considerable 
softening or sintering and darkening previous to melting. IV. G. 

Final Report on the Alkaloids of Gelsemium. L. B. Saw: 

(■}. rimer. Phurm. Am*., 1919. 8, 708— 711).— The investigation 
was made on about ll o kilos, of the drug in N° 20 powder. The 
following alkaloids isolated as salts were obtained : sempervirmc 
nitrate (about 3 grams), gelseniine hydrochloride (about 8 grainsi. 
gelsemidine hydrochloride (1’75 grams), and an amorphous a a 
loidal chloride, which is named gelsemoidine hydrochloride. A1 o 
these are toxic. Chemical Abstracts. 

Ethylmorphine Sulphate. James, Leslie Thomson (K« 
1920. [iv], 50. 7). — Ethvlmorphine sulphate has m. p. 20 1 , a™ 
crystallises with .5 1 1.0 ; at 15'5° it- dissolves in 9'5 parts f > 1| ' (''' 
and in 111 parts of 90% alcohol. ' 

Strychnine and Brucine. VI. 11. Ciusa (Alii B- d'" 1 ^ 

lined, 1919, [v], 28, ii, 185 — 187). — The action of bromine ° 

) sostrychnine in acetic acid solution and subsequent dewnuposi 
of the perbromide yields derivatives of the tnbromo- 
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C) H 2 iON 2 Br s , in which, two bromine atoms are added at a double 
linking as in strychnine, while the third replaces a hydroxyl group 
1915, i, 893). This conclusion is confirmed by the behaviour 
of imstrychnine towards (1) alcoholic hydrogen bromide in the hot, 
and (2) benzoyl chloride. The first of these reactions yields a crystal- 
line compound which appears to have the formula 
C 17 H 21 NBr(C0 2 Et):NH,HBr, 
aud is 1° k 0 considered later. 

Xhe action of benzoyl chloride on /sostrychnine suspended in 10% 
potassium hydroxide solution yields only a small proportion of a 
compound, m. p. 174°. In pyridine solution, however, the benzoyl- 
ation rives bemoylisostrychnine, CojH^OoN^Bz, which crystallises in 
colourless needles, m. p. 174°, and has the normal molecular weight 
in benzene solution. The benzoylation yields also the benzoate of 
the benzoyl derivative, CojII^OgNiBz.BzOHjHoO, which forms 
white needles, m. p. 127°. The hydrochloride, C 21 H 21 0 2 N. 2 Bz,HC 1, 
small, colourless needles, m. p. 219°; the aurichloride , yellow 
needles, in. p. 195°; and the dichromate , (C 21 H 21 0 2 N 2 Bz) 2 ,H 2 Cr 2 0 7 , 
slender, reddish-yellow needles, were prepared and analysed. The 
sulphate and nitrate crystallise well, and are slightly soluble in 
water. T. H. P. 

Strychnine Alkaloids. XXVII. Conversion of the 
Methyl ammonium Salts from Brucine and rtpoMethyl- 
brucine into Quinones. Hermann Lecciis and Walter Hintzb 
(Ber., 1919, 52, [/?], 2195 — 2204). — The salt of the quaternary 
ammonium base which is readily formed by the action of methyl 
sulphate on brucine shows, like the alkaloid itself, the red colora- 
tion with nitric acid, which is due to the formation of quinone ; the 
latter, however, could not be isolated in the pure state or as a salt, 
and was therefore immediately reduced to the corresponding quinol, 
which separated from solution as a mixture of bisapojn ethyl brucine 
meihonitmte, C 21 IJ 22 0 4 N 2 ,MeX0. 1 .H 2 0, colourless, shining prisms, 
and acid sulphate, C 2 ,H 24 0-N.d\Ie*S0 4 H. colourless, three-sided 
plates, in which the additional molecule of water appears to be 
chemically united, since it is not evolved in a vacuum at 110°. For 
purification the mixture of salts was transformed by 12.Y-hydro- 
chloric acid into bhxpojn ethylbruc i n e methoehloridc , leaflets or 
prisms ( + IH 2 0), prisms (-t-2H 2 0), [a]};+6'54° for the mono- 
hydrated salt in aqueous solution. Oxidation of tlie quinol to 
quinone is conveniently effected with a solution of chromic acid in 
hydrochloric acid, whereby the substance, C ( , 1 H.-, 1| 0 4 N.-,,MeCl,H.,Cr0 4 , 
bright red leaflets, is obtained, which is analogous to the compound 
derived from bisr/pomethvlbrucine itself (A.. 1911, i, 7 46). A 

similar oxidation is effected by hearing the quinol with a solution 
or hydroxy lamine in hydrochloric acid, when the monorime of the 
quinone, yellow needles, is produced ; this, however, has not the 
simplest formula, 0 22 Tr 24 0 4 N 3 CI, but contains an additional mole- 
cule of hydrogen chloride and, according to conditions, either 4H 2 0, 
R >ich may be replaced in part by hydrogen chloride, or 2H„0. C’or- 
cetihated nitric acid converts the chloride into the nitrate. 
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CjjHj^N^N 0„) , HNOj, 2H 2 0, yellow prisms, which is hydrolysed 
by water to the substance, ^22^24^4^3 ( ^ ^ 3 ) 1 H 2 0 ^2^, Ted 
prisms, which is re-converted by acid into the yellow nitrate. Simf. 
laily, the dichloride of the monoxime yields a hydrate, 
C 22 H 24 0 4 N 3 C1,H 2 0, 

slender, red needles, when the excess of hydrochloric acid is removed 
preferably by addition of alkali hydroxide (1 mol.). By the aid 
of a second molecule of alkali hydroxide, the residual chlorine alpm 
can be removed as hydrogen chloride, and a betaine-like coin, pound 
C 22 H 2 5 0 5 N 3 , orange-red prisms, is produced. 

The yellow nitrate of the oxime is only formed with gently 
warmed nitric acid. At a higher temperature a more complex 
action occurs in which nitration is accompanied by oxidation of the 
quinone-oxime or nitrosophenol group to the nitrophenol group 
and a molecule of water is added; the nitrate, which 

is thus produced, is identical with the product of the oxidation of 
the oxime of methylcacotheline (following abstract), from which 
it is more readily produced. 

In a similar manner, bisapomethylbrucine metliochloride is con- 
verted through the quinone by 5.V-nitric acid at 50—60° into 
methylcacotheline methonitrate. On the other hand, only quinone 
formation, unaccompanied by nitration, is observed with concen- 
trated nitric acid at 0°, so that in this instance, in contrast to that 
of bmpomethylbrucine itself (A., 1911, i, 746), it was not possible 
to obtain a nitrated but not hydrated quinone. H. W. 


Strychnine Alkaloids. XXVIII. Transformations and 
the Violet Colour Reaction of Methylcacotheline. Hermann 
Leuchs and Walter Hintze ( Ber ., 1919, 52. [ B ], 2204—2224. 
Compare A., 1919, i, 35).-— Previous investigation of the metho- 
nitrate of the cacotheline bases (now termed methylcacotheline) had 
established the probability that it, in accordance with its mode of 
formation from brucine dimethosulphate, is a nitrated and hydrated 
quinone, but the function of the added water was left unexplained. 
Further evidence of its quinonoid nature is now adduced by the 
isolation of a semicarbazone as nitrate, C 23 II- 17 O-N n *hv 0 3 ) 3 H.,0, the 
semicarbazone of the methochloride. slender, pale yellow needle*, and 
the monophenyl hydra zone as nitrate, C.^IT 3 ( |O r N ri "NO n .3HAO. brown- 
ish-red, oblique prisms. To determine whether water has been added 
in such a manner that the acid amide group "CO-N” of brucine 
has been converted into -C 02 H|H-N<, attempts have been made 
to identify the presence of the carboxyl group in two ways. On 
the one hand, hydrogen chloride has been removed from the seim- 
carbazone hydrochloride by the agency of silver oxide (or, in 
general, a molecule of acid from the salts by a molecule of alkalih 
whereby a crystalline betaine, C 23 Ho (j 0 7 N ri , has been produced which 
readily re-forms the original salts with acids. On the other hand, 
the presence of the carboxyl group is shown by the conversion ot 
the semicarbazone nitrate into its methyl ester, C^IL^O-N^Cl. The 
phenylhydrazone only yielded an amorphous betaine, but methyl- 
cacotheline itself gave a crystalline betaine , Co 2 H 23 0 7 N 3 , and, as no 
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other acidic group can be present, may thus be regarded as contain- 
ing the carboxyl group. The chloride of the monoxime described 
previously (lac. at.) also yielded a crystalline betaine 
C 22 H2 4 0 7 N l{ ,4IT20 ; 

possibly, in this instance, the oxime "or the tautomeric nitroso- 
pbenol group could take part in the dehydration, but this view is 
rendered improbable by the isolation of a crystalline monomethyl 
and monoethyl ester. 9 

The nitrate of the monoxime can only be obtained from the 
chloride by the use of metallic nitrates, since the oxime is oxidised 
when warmed with even A-nitric acid, the quinoneoxime or nitroso- 
phenol group being converted into the nitrophenol group, a second 
nitro-group being thus introduced into the molecule; this ‘ dinitro- 
phrwl ' also yields a crystalline betaine, CgH^Og^, whilst its salts 
can be reduced to a ' diaminophenol,’ C„H., 9 6 4 N 4 C1,2HC1 or 1HC1, 
which can be obtained less smoothly from the nitroquinonemon- 
oxime. According to these reactions, the formula of methylcaco- 
theline may be resolved thus: C lf ,H 17 {-CO-CO-: !ONO, ■ NMeNO - 
=NH; -COjH; =CII(OH)}. " 2 ’ s ’ 

The violet coloration caused by the action of stannous chloride or 
sulphur dioxide on methylcaeotheline has been previously investi- 
gated and attributed to the conversion of the quinone into the 
corresponding quinol, the necessary hydrogen being regarded as 
obtained by the conversion of the secondary alcoholic group of the 
brucine molecule into the keto-group. Further examination has now 
been made on the action of methylcaeotheline and similar salts 
towards sulphur dioxide in the presence of mineral acids; methyl- 
caeotheline itself yields a crystalline, dark violet nitrate , which, 
however, contains two hydrogen atoms more than the original salt 
into which it is re-converted by nitric acid 

c 2 ,h, 4 o,„n 4 ^:ra,,H., c o I0 N 4 ; 

UNO., 

the corresponding chloride, C,,H. 4 0.X 3 C1, similarly yields a violet 
(jawo/, C !7 H 26 0 7 N 3 C1. from which it is re formed by ferric chloride. 
The behaviour of the add sulphate is precisely similar, the quinol 
sulphate re-forming the original material on treatment with ferric 
sulphate. The sulphite thus occupies a peculiar position in that 
reduction in this case only is caused by hydrogen derived from 
within the molecule. The presence of acid radicles which are not 
ionised is not essential to the production of the violet colour, since 
they can be removed by warming with one (or two) molecules of 
alkali, whereby deep violet betaines are obtained : 

_ C., ; H 2 „0 7 N 3 -X0 :) — v C.v,n.,-0 ; N 3 . 

With the object of demonstrating the presence of the phenol 
violet quinols, the violet chloride was boiled with acetic 
anhydride and sodium acetate; the product, however, did not con- 
tain the acetyl group, blit was formed by loss of a molecule of 
J rogen chloride and of water from the original substance. It 
appears to have a betaine structure, since it readily yields additive 
products with acids, and probably is a phenol betaine. 
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Reduction of the betaine anhydride, f , with tin and 

hydrochloric acid yields the aminoquinol, ( ,HC1,2 r Rij 
previously obtained from methylcacotheline and formulated with 
1H 2 0. A molecule of water appears to be eliminated during the 
reduction of methylcacotheline in a manner similar to that observed 
during the action of acetic anhydride on the violet quinol. The 
composition of the amine hydrochloride varies considerably, and the 
following forms have been prepared and analysed : 

e H H 2 AN 3 Cl,HC!, 

needles: CV,H,oO fl N,Cl, 211,0, trapezoidal tables; 

c,; 2 h, 8 o 5 n 3 ci,ttci, 

rectangular or quadratic tables; from the first of these, hydrogen 
chloride is eliminated at 100°, whilst the third is stable at this 
temperature. H. tV. 

The Chemical Identification of Thyroxin. II E. c 
Kendau. and A. E. Osterberg ( J . Biol. Che.m., 1919, 40 

265 334). — Thyroxin, the physiologically active constituent of the 

thyroid gland (A., 1919, i, 197), can exist in two tautomeric forms. 
The iefo-form (I), which is by far the more stable, crystallises in 
long needles, m. p. 250°; the end form (II) crystallises in rosettes 
of needles, m. p. 204°. From a consideration of the chemical 
behaviour of the substance, so far as it is yet known, the authors 
suggest the formulae 

IH IH 

Ih/\==C-CH,-CH,-CO,H IH, 7 N“C-CH,-CH,-CO,H 
IhUwAo " and IH V\/ 6 -° H 

H ¥ H K 


(I.) 07) 

Further, there is evidence that by combination with the elements 
of a molecule of water, two further forms may exist, melting at 
225° (III) and 216° (IV) respectively, the suggested nature 01 
which is indicated by the partial formula'. 


H:==( — 

1 I 

,C C-0 

7 V 

N 

/\ 

H R H 

(HI.) 


\c==c— 

1 1 

C C-OH 

7 \S 

N 

/\ 

H OH 


\c=C-CH,'CH,/C0,H 
/O CO-OH 


Addition of an acid to the enolic. form leads to fission of the mis 
and formation of an amino-acid (V), of which lit is a» 111 fl “ 
salt, For the evidence on which the authors base these " ' 
the original must, he consulted. 

The acetyl derivative crystallises in short, curved nee< 

228 235° (decomp.). The sulphate has the formula 
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Tin? hydrochloride crystallises in star shaped plates. When treated 
with cyanic acid, thyroxin yields a carbamyl derivative, 



Many mono- and di-hasic metallic salts of thyroxin have been pre- 
pared. hut although they are beautifully crystalline, they have not 
been obtained in a pure condition. A dimethyl ester has been 
prepared, and is hydrolysed to a monomethyl ester by alkali 
hydroxides. 1 

"Thyroxin is not easily oxidised or reduced. When exposed to 
sunlight in weak alkaline solution, it is very unstable. Within 
twenty-four hours, the solution turns pink or yellow deepening 
to a brown, and an aromatic odour is produced. 'The development 
of the pink colour is accompanied by the splitting off of iodine in 
the form of hypoiodous acid. J C D 


Constitution of Arylanthranils , Lactimides, and Lact 
iraones. Gustav Heli.br and Hii.de Lauth ( Ber ., 1919, 52, fj}] 
2295—2303). — In a previous communication (Heller, A. 191o’ 
i, 844) it has been shown that acylanthranils react with hydrazine 
hydrate in alcoholic solution to yield 3-hydrazino-3-aryl-3-4- 
dihvdrohenzoxazones, and the reaction is interpreted as in favour 

of the formula V* >N'COR for the acylanthranils, the behaviour 

'■'6 ^4 

being difficult to reconcile with the alternative formula 
A number of somewhat similarly constituted com- 
pounds have now been examined. 

Anthranoylanthranilic anhydride and acetvlanthranoyl- 
anthranilie anhydride (Schroeter, A., 1917, i, 529, 620) are con- 
verted by hydrazine hydrate in warm alcoholic solution into 
3 -hurl r a ?in o-3-o-am inoph ent/1-2 : 4 -d ikyrJ ruhauo razo ne, pale yellow 
needles, m. p. 200° (deeomp.), and S-hi/dratinoS-o-aceti/lamino- 
plienyl-S-A-dihtnlrohtnioxaionr., colourless, thread-like crystals, 
1,1 • P' - 16 ° (deeomp.); these substances are decomposed by alkali, 
and, on acidification with acetic acid, the lactone is re-formed in a 
somewhat impure condition. It appears, therefore, that complex 
acvlanthranyls contain the same ring as is present in the simpler 
substances. 

IWylaminocinnamie lactimide and aeetylaminocinnamic lact- 
mode react similarly with hydrazine hydrate, yielding, respectively. 

1 ' e !/'' t(l ziiiO' < 2-phei}yI’4-ften zj/I ulenetetrah i/tfra-o.m'ole, 


co- 


— <> 


C(.’CH Ph)-NH^ >0Ph ’ NH ' Nff2 ’ 

colourless needles, m. p. 153-154° (henzyUchnelmdmzino- deriv- 
lAo,' , rles ! I " ee<i,es ' ">• P- about 220° after darkening from 

„ ' , and ^d;eto-%h ; /,h;mno-2-methyl-A-henzyli,hnetetml,ydra- 
<u P ’ coarse crystals and clusters of needles, m. p. about ISO 0 
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(decomp.) after darkening from 160°. For reasonB similar to those 
advanced in the case of the acylanthranils, the original substances 

CO 

must have the constitution CHPh.CO.jJj^Q^- 

a-Benzoylaminoisobutyric anhydride (Mohr and Geis, A., 1908, 
i, 339; 1910, i, 117) is transformed by hydrazine hydrate into 
5 -keto- 2 -hydrazino- 2 -phen i/l-i : 4 dimethyltetrahydro-oxazolc, slender 
needles, m. p. 134°, and must therefore have the lactam formula. 
The isomeric a-benzoylnminoisobutyric hydrazide , obtained by the 
action of hydrazine hydrate on the acid chloride, has m. p. 248° 
(decomp.). H. W. 

Dyes Derived from Ketodihydro- 1 : 4 benzrsothiazine. 

W. Herzog (Bern, 1919, 52 , [B], 2270— 2274).— Ketodihydrobenze 
thiazine reacts with a-isatinanilide in a solvent of high boiling 
point, such as ethyl benzoate, to yield 
NH 2(2'-»nrfo.*yi) - 3 - tetodihydro-l : 4-5e«- 

s?\/\ iso thiazine (annexed formula), dull, 

I I! CO CO /\ brownish-violet needles with metallic 
glance, m. p. above 300°, which dyes 
cotton bluish-violet and wool reddish- 
v ' g NH \/ violet. 2(2' • Thionaphthtn) - 3 - Jtetodi- 

h ’/dro-1 -A-benzhot hiazine, yellow, silky 
needles, in. p. above 300°, prepared similarly from thionaphthen- 
quinoneanilide, lias little affinity for (he textile fibres. 0-Tsatin- 
anilide yields 2(3' -indo.ryl) -3 - l-etotUhydro-l : i-benzmthimint, 
orange-red, silky needles, m. p. about 270°. which has very little 
affinity for the textile fibres. 

The" inferiority of the substances as dyes in comparison with 
indigo-blue and thioindigo-red is readily interpreted according to 
the Clauss hypothesis, since they contain only one quinonoid 
indogen, whilst, the latter dyes contain two such groups. H. W. 

Certain Arylamino derivatives oi 4;5)-Methyl-5 (4:- amino- 
methyl glyoxa line and the Syntheses of 4(5)-(/3-p-Hydroxy 
phenylethyl-/3-aminoethyl glyoxaline. Otto Gerngross (. Bcr ., 
1919 52 . \B], 2304— 2.318).— The anil of 4(5)-methylglyoxaline- 
5(4)-aldehyde (Gerngross, A., 1912. i. 314) is reduced by sodium in 
boilinv isoamyl-alcoholic solution in an atmosphere of hydrogen to 

.NH-CMe 

i(5)-methyl - 5(4) -nnilinomelhi/lgh/oralihe, C-CH 2 -NfIPh : 

slender needles from water, m. p. 183° (corr.) [hydrochloride, four- 
sided leaflets, m. p. 201° (corr.) after becoming discoloured at 
175° and softening at 195°]; the corresponding benzoyl derivative 
crvstallises in shining, four-sided plates, m. p. 206° (corr.), yie - 
a " hydrochloride . , m. p. 235° (corr.), and does not couple W 
diazobenzenesulphonic acid in alkaline solution. The piepar 
of the aniline derivative is only conveniently effected in this 
when very small quantities of material are required , or R 
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amounts, it is more conveniently produced by the action of aniline 
(2 mols.) on a solution of methylchloromethylglyoxaline 
chloride (1 mol.) in methyl alcohol (compare Ewrns T 1911 qo 
2054); under these conditions, its formation is accompanied ’to a 
greater or less extent by that <dX- v henyti m i, lllb i U ■5-dimethyl- 

gbjoxahne, NPh^CH,-C< N __T ^ small needles, m. p. 

199-200° (core ), from which it can be readily separated by taking 
advantage of the very sparing solubility of the latter in boiling 
acetone. 8 

*»*«*■*»>«■ 

CH .NH-CH 

% N-C-C,H t .NH-C t H 4 -C,H 1 -On l 

is described, which is of pharmacological interest, since it contains 
the active principles of Secale cornutnm and tyramine united to one 
another 5(i)f-Ph.eny lethylamnomethyl-i(5).meth ylgl yoxaline. is 
obtained by slowly adding a solution of the hydrochloride of 
4(o)-methyl-5(4)-chloromethylglyoxaline in methyl alcohol to 
0-phenyIetjiylamrae dissolved in slightly methyl-alcoholic water - the 
crude product is converted successively into the dipiemte, prisms 
m, p. 211° (corr.) after softening at 204°, and the dihydrochloride 
shining hygroscopic, crystalline leaflets, m. p. 254° (corr.; decomp j 
[aimchlonde, yellow crystals, m. p. 215° (corr.)], Small quanti&i 

of &-plie.nylethyhminobts-i:5-diinetlivlfih,omli>ic 4 
(C 3 H 2 N;Me-CH,),N-e,Hprh ’ 

are produced during this reaction, and this substance becomes the 
main product when care is not. taken to maintain a constant excess 
of the amine; the tnpicrate, shining, yellow crystals, m. p 176° 
W f er ,, sof !f ,n g at ; ,r f°. the hygroscopic hydrochloride, and 
1 P ,at S™ h!m f> darkens above 200°, but does not melt 

below 2(0 , are described. Similarly, the hydrochloride of methyl- 
umdamly methyl chloride and p-phenylenediamine yield 5(4)L 

«»omnndmome.th>/l4(5)-methylyh/o:ialwe J " 

,, , , C, H.,N, Me • C IT,- N H ■ C fl H, • \ H „ 

he tnliydrochlorule, four sided, rhombic plates, m. p. 257° 
ecomp.), and dipicrate . larcre, yellow crystals, m. n 219-990° 
(clecomp.), of which are described.' 

ch^jr eth ^°f a ^ co f denses wifh P-hvdroxyphenylethyl 
Ohio de in methyl-alcoholic solution at 100° to yield 4(5)-(j3-p -h v /r- 

treated ; the cn,de P r °duct is 

base a, A h y dr ° ch,OT >° acid to remove the excess of the histamine 
m .J W nf 0 P urlfi ed by successive conversion into the dipicrate , 
m , de f° m I\ b ** hydrochloride, colourless rods, 

prisms," m p^lsW’ ^ i ™ base - microscopic, four-sided 
• P- 1 Ol (corr.); the monohydroMoridc forms fonr- 


SiW Platelets, m. p. 


H. W. 
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Quinazolines. XXXIV. The Synthesis of certain Nitro. 
and Amino -benzoyleneureas [Diketotetrahydroquinazo. 
lines] and some Compounds Related Thereto. Marstox 
Taylor Bogert and Georof, Scatchard (J. Amer. Chem. See 
1919, 41, 2052 — 2068). — A supplement to, and an elaboration c f 
work previously published (compare A., 1916, i, 672), certain 
compounds being described. Methyl anthranilate, when condensed 
with potassium isocyanaLe in acetic acid solution, yielded methyl 
o-mrhamidobemaate, m. p. 177 — 177-5-° (corr.). 6-Nitro-2;(. 
diketo-1 : 2 :3 : 4-tetrahydroquinazoline, m. p. 330 — 331° (corr, I 
gives a sodium salt, which is colourless at limit 7 on the Sorensen 
scale, but at 7'a and on to 11 very slowly develops a greenish-yellow 
colour. The development of colour is, however, too slow for the 
salt to be of any use as an indicator. 6 : 8-Dinitrodiketotetrahvdro- 
quinazoline (foe. eit.) gives potassium and ammonium salts which 
resemble the sodium salt in general behaviour, except that the 
ammonium salt decomposes without explosion. The authors find 
higher in. p.’s for certain quinazoliue derivatives than did Abt (com- 
pare A., 1839, 609). Thus 2 : 4-dichloroqtiinazoline has m. p. 419-5° 
(corr,); 2 : 4-dimethoxyquinazoline has m. p. 74°; 2 : 4-diketo-l : 3- 
dimethyltetrahydroquinazoline has m. p. 167 — 168° (corr.), 
o-Carbamidobenzoic acid when nitrated with nitric acid (D 4-5) 
at —5° to 10° vielded 5-nitro-1-vitrocarhnmidobenzaic acid, 
NO,-Nn-CO-NH-C c H s (NO. ; )-CO,H, 
which it was very difficult to purify. Its methyl ester, decomposing 


at 184 — 185° (corr.), was obtained by nitration of methyl o-carb- 
amidobenzoate. In an endeavour to clear up the chemistry of 

5- nitro-2-acetylaminobenzoic acid, the authors have prepared s 
specimen, m. p. 218° (corr.), and its barium, calcium, ferric, copper, 
lead, and silver salts. Similarly, they prepared 5-uitro-2-aimnn- 
benzoie acid, ni, p. 278° (corr. ; decomp.), and ils sodium, potassium. 
and ammonium, salts. II gives a methyl ester, m. p. 168° (corr.). 

The proof that the compound obtained by Bogert and Geiger 
(compare A., 1912. i, 395. 510) by the nitration of 4-quinazolotie is 

6- nitro-4-quinazolone is supplied hv the preparation of the same 

compound bv fusing together 5-nitroanthranilic acid and form- 
amide. ' W. 0. 


New Type ol Substances Derived from Diazonium Com 
pounds and Alkali Cyanides. Gustav Heller and Marie Meter 
(Her., 1919. 52, [5], 2287— 2294).— When an aqueous solution of 
a benzenediazonium salt, is added to a solution of potassium cyanide 
in the presence of an excess of potassium hydroxide, a yellow oil in- 
formed, which immediately yields a colourless solution, from whin 
an unstable, sparingly soluble, red salt gradually separates; thin 
slowly decomposes, even in the cold liquid, with evolution o 
nitrogen and development of the odour of -isocyanide. The corre 
sponding free compound, however, is more stable and has t ic 
formula C^TTj.ON-. The colour of the substance, its failure 
yield hydroxylamine when treated with acids, and its reduction V 
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hydrogen to a colourless derivative lead the authors to consider it 
to bo benzeneamzoxydiazob enzen ecarbimide, 

PhN 2 -C(:NH)-ON 2 Ph; 

confirmatory evidence is deduced from tile fact that it is onlv 
formed from sy«-benzenediazonium hydrate and salt of hvdro^ 
cyanic acid, and not from the anfi-diazotate and substances which 
contain the cyano-group united to carbon or nitrogen. 

The potassium salt of benzenediazoxydiazobenzenecarbimide 

forms dark red leaflets m. p. 239° (decomp.), whilst the soZm 
salt consists of bronze-hke leaflets, m. p. 209° (decomp ) The 
lead, mercurous, manrjane.se, silver , copper, cobalt bismuth 
stannous, cadmium , zinc, and mercuric salts are described The 
corresponding free substance crystallises in red needles m p 9°° 
with violent evolution of gas. Attempts to obtain a' benzoyl "or 
methyl derivative were unsuccessful. p-Toluenediazo.n/diio-n- 
toluenecarbimide, m. p 111° (decomp.),, is converted by phenyl- 
narbimide into p- toluene, hazoxydirizo-p-toluenecarbirn'idophcnyl- 
mrbamtde, C 0 n 4 Me-N 2 -C(.N-CO-NHPh)-O-N„-C f H 1 Me orange- 
yellow crystals m. p. 148° (decomp.). o-Toh, mediator, pliazo-^. 
tanenccarbtmule forms bluish-red rods. m. p. 100° (decomp,). 

The sodium salt of benzenediazoxydiazobenzenccarbimide slowly 

decomposes m aqueous solution, yielding nitrogen, aniline ben™ 
nitrile, ammonia, and nitrite, but not phenol. The free substance 
“ d ec # mposed by hot water, yielding smeary products, from which 
traces of phenol and benzonitrile could be isolated by distillation 
with steam. 1 

The sodium salt, of benzenediazoxydiazobenzenecarbimide i« 

reduced by sodium hyposulphite in alkaline solution, bv alkaline 
s annous chloride, by zinc dust, and acetic or hydrochloric acid in 
alcoholic solution, or by phenylhvdrazine in alcoholic solution to 

ocnzenemazoxt/pheniilhi/drazinnairhimide, 

PhNH-XH-C(:NH)-o'-K.,ph, 

colourless needles or crystalline aggregates, m. p. about 154° 
(decomp.), which is converted by methvl sulphate into the corre- 
sponding methyl derivative, m. p. 137—138° (decomp.) p ro - 

ti acted reduction of benzenediazoxvdiazolienzenecarbimide bv zinc 

yf l eads to the formation of aniline, whilst, in a similar 
amer phenylhydrazme is formed when stannous chloride and 
njdrochlonc acid act on a solution of the substance in glacial acetic 

acm. Jfenzenediazoxyphenylhydrazinocarbimide yields practicallv 

the same products as does llie unreduced compound when it decom- 
1 oses in cold alkaline solution : in acid solution, it is gradually 
decomposed, with the formation of phenol. o-ToUenediazory-l 
,, y l !/drazmocarbtmide forms colourless crystal* m p I'rO 0 
(decomp.). ■ ’ ■ £ ™ 

The Special Reactions in the Transformation of the 
tales °f Carboxylic Acids, I.— VI. Theodor Cpktids 
(d- pr. Chem. 1916, [ii], 94, 273-382).-The “normal ” reaction 
P-fnm aZ i d ~' and tlle,r fonnatio "- ace summarised as follows: 

1 R-CO-NH-NH, -> R-CO-N, R-NH-CO.,Et or 
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K-NH'CONH'R — > R*NH 2 , numerous examples of which h ave 
already been given in the case of mono-, di-, and even tri-carboxylin 
acids (most recent notices: A., 1914, i, 873; 1915, i, 124, 169, 187 
872). “ Special ” reactions are given by (1) the azides of acids 
having two -CON 3 groups attached to the same carbon atom 
(2) by hydroxy-acids and their ethers, and (3) by a-amino- and 
o-acylamino-acids. In the first case, the ultimate products are 
generally the aldehydes or ketones produced by the hydrolysis of 
the methylenediamines, CHR(NH 2 ) 2 or CRR^NHj),. Examples are 
now given. The second section is dealt with in Parts VII. to XIII 
of this series (A., 1917, i, 635 — 639), and the third section in p ar b. 
XIV. to XVII. (A., 1918, i, 44). 

I. [With Wilhelm Casab .] — Hydrazide and Azide of Methyl, 
and iaoAmyl-malonic Acids. — Methylmalonodihydrazide, 

CHMe(CON 2 H a ) 2 , 

crystallises in silky needles, m. p. 172—173° (compare Biilow and 
Weidlich, A., 1906, i, 981), forms a dihydrochloride , m. p. 168° a 
dibenzylidene compound, m. p. 251° (ibid.), a disalicylidene com- 
pound, glistening leaflets, m. p. 216—217°, a diisopropylidene com- 

pound, by boiling with acetone, minute needles, m. p. 158 1590 

and a very explosive, yellow diuzide, CHMe(CO-N g ) 2 . This reacts 
with aniline to form methylmalondiauilide, m. p. 182° (Meyer and 
Bock, A., 1906, i, 726), and with p-toluidine to give the di-jr-tolu- 
idide (Commanducci and Lobello, A., 1905, i, 271). It reacts with 
alcohol to form an oily urethane, which yields carbon dioxide and 
acetaldehyde on boiling with dilute sulphuric acid. isoAmylmalom- 
dihydrazide forms silky crystals, m. p. 140° (decomp.), and gives a 
dihydrochloride, silky leaflets, a dibenzylidene compound, micro- 
scopic leaflets, m. p. 240°, and a disalicylidene compound, white 
tablets, m. p. 186 — 187°. The diuzide is a pungenbsmelling oil 
which reacts with aniline to give iso amylmalondianilide, silky 
needles, m. p. 185°, and with alcohol to form a urethane, this being 
hydrolysed by dilute sulphuric acid to isohexaldehyde, CtHjpCHO. 
The aqueous distillate of the aldehyde reacts with benzhydrazide to 
give the benzhydrazone, C 5 H iI , CIIIN*NHBz, silky needles, m. p, 
215°. Dimethylmalonoclihydrazide crystallises in prisms, m. p. 
208°, but gives poor results in the subsequent reactions, acetone 
being recognised, however, as the ultimate product. Benzylmethyl- 
malonodihydrazxde forms silky leaflets, m. j>. 260°. 

II. [With Heinrich Rechnitz.]— Transformation of Ethyl- 
malondiazide into Propaldehyde, and Transformation of Prop- 
aldazine into A-Methyl-5-ethylpyrazaline. — Ethylmalouodihydrazide 
forms slender needles, in. p. 168° (compare Biilow and Bozen- 
hardt, A., 1910, i, 233), and gives a dihydrochloride, m P- 
180 — 181°, a dipicrate, yellow needles, m. p. 187° (decomp.), a 
dibenzylidene compound, m. p. 241—242° (decomp.), and a d'rnli- 
cylidene compound, m. p. 201°. The diazide is very explosive, but 
may be converted into the dianilide and di-p-toluidide, in. p. 288°, 
or into the diurethane, CHEt(NH-C0 o Et) 2 , which is hydrolysed by 
dilute sulphuric acid to propaldehyde. The final yield is very poor, 
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however, as the yield of azide is only 35—40% to begin with. Prop- 
aldazine, N 2 («CHEt) 2 , is a colourless oil with fishy odour, b. p. 

145°, D 10 0*844, 1*379, and it reacts with maleic acid in 

absolute alcohol to form hydrazine maleate , N 2 H 4 ,C 4 H 4 0 4 , very 
slender needles, m. p. 144° (decomp.), and k-methyl-b-ethylpyr* 

aiuline, NH <CHEt-CHMe' This is a colourless li( l uid with the 
odour of peppermint, b. p. 105 — 107°/ 18 mm., and is very stable 
in solution in dilute sulphuric acid. It gives blue and white precipi- 
tates with Fehling’s solution and mercuric chloride ' respectively, 
but does not reduce these agents. With p-toluenediazonium sul- 
phate it gives a brick-red compound, which dissolves in concentrated 
hydrochloric acid with deep bluish-violet colour, the solution becom- 
ing pale red on dilution. The yield of the pyrazoline is improved 
if the alcoholic mixture of propaldazine and maleic acid is heated, 
or if hydrazine maleate is mixed with propaidehyde, but the chief 
product in any case is a compound, probably of the formula 

( 4 - me % 1 - 5 ’ ethylpyrazoline = 

C t H 12 N 2 ). This is a yellowish red, viscous oil, b. p. 245 — 250°/ 
18 mm., which turns red litmus blue, but only forms oily salts. It 
has the reactions of the simple 4-ruethyl-5-ethylpyrazolme and is 
apparently formed by the elimination of two molecules of ammonia 
[mm four of the pyrazoline. The alkaline liquid left after the 
extraction of the two bases contains an amount of ammonia which 
agrees with this view, and fumaric acid is also present. 

III. [With Owen E. Mott, repeated and in part amended by 
Wilhelm Sieber.]— Hydrazide and Azide of Benzylmalonic 
Add.—Benzylmalonodihydrazide, CH 2 Ph-CIl(CO'N 2 H,) 2 , crystal- 
lises in slender, glistening needles, m. p. 164°, forms a dihydro- 
chloride, m. p. 135°, and a dihenzylidene compound, small 
needles, in. p. 220°, and changes into secondary benzylmdonohydr- 

azide, CHjPh-CH^^ 7^, glistening leaflets, m. p. 241°, when 

(a) its hydrochloride is kept in the moist condition or heated for 
some hours at 100°, (6) it is treated with alcoholic iodine, or (c) it 
is treated with sodium nitrite in the presence of a slight excess of 
hydrochloric acid. In the last reaction benzylmalonyldiazide, an 
explosive, yellow oil, is the chief product, and the by-product can 
be suppressed if an excess of acid is used. The diazide may be con- 
verted into the dianilide, CH ,Ph'OFI(CO’NHPh),-,, m. p. 217°, and 
tlnrethane, CH 2 Ph’CH(NH'C0. 2 Et) 2 , a mass of very slender needles, 
m. p. 166°, the latter being hydrolysed by 2% sulphuric acid to 
phenylaeetaldehyde, b. p. 81 — S2°/12 mm., which forms a benz- 
hydrazone, ClU’IrCIIlN-NHBz, needles, m. p. ' 148—149°, and a 
ro-mtrobenzhydrazone , m. p. 152°. 

IV. [With Caklo Maranoolo.] — Hydrazide and Azide of 
ahylylm/donic Acid ( m-Me.thylhenzylmalonic Acid). — m -Xylyl- 
’"alonodihydrazide [ m-methylbenzylmalonodihydrazidc ], 

C,H 4 Me'CH 2 -CH(CO-N E H^j, 
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crystallises in silky needles, forms a hygroscopic dihydrachloriile 
in. p. 135 — 136° (decomp.), a dibenzylidene compound, small, gi; s [ 
tening needles, m. p. 219°, a disalicylidene compound, m. p 
185 -18G°, a diisopropylidene compound, m. p. 182° (from acetouej 
and a bisdijihenylmethylene compound, 

C c H 4 Me-CH 2 -CH(CO-NH-N:CPh 2 ) 2 , 
in. p. 164° (from benzophenone). The dihydrazide changes into the 
secondary m-methylbemylmalonohydrazide, 


m. p. 236 — 237°, when treated with alcoholic iodine. The unstable 
diazide may be converted into the dianilide, m. p. 193°, di-r-UAc 
idide, C f ,H ( Me-CH 2 -CH(CO-NH-C 6 H 4 Me) 2 , slender needles, m. p. 
190°, and crude diuret/iane, C ri H 4 Me-CH 2 -CH(NH'C0 2 Et) 2 , which is 
hydrolysed by dilute sulphuric acid to m-lolylaceiuldehyde 
C 6 H 4 Me , CH 2 , CHO. This is a p!easant>smelling, pale yellow, refrac' 
tive oil, b. p. 99 — 100°/ IS mm., which forms ail oily pbenylhmh- 
asone, a btmhydrazone, C 6 H 4 Me-CH 2 -CH!N-NHBz, long needles, 
m. p. 129 — 130°, and a m-nitrobenzhydrazone, very pale yellow, 
prismatic needles, m. p. 115 -116°. 

V, [With Gottfbied Gbandel.] — Hydrazide and Azide of Fen- 
tane-aaee-tetracarbozylic Acid and oj eya\oliutaneA : l-dicarho-ci/lb ■ 
Acid. — The ethyl esters of these acids are obtained by adding a 
mixture of trimethylene bromide and ethyl malonate to a mass of 
sodium ethoxide in alcohol. If the mixture is added rapidly and 
the temperature is only controlled sufficiently to prevent undue 
violence, the yield of the pentane derivative rises to about 12%, but 
if the addition and cooling are carefully controlled, the yield of 
cyclic compound is improved. The latter is slightly volatile in 
steam, and may be slowly removed in this way from the non- 
volatile pentane compound. In anv case, the yields are poor, and 
tile reaction cannot be fully explained. Ethyl pentane-aaee-tetra- 
carboxylate is a pleasant-smelling, viscous, colourless oil, b. p. 


210 — 215°/ 12 mm., and ethyl cyc/obut-ane-l : 1-dicarboxylate is a 
limpid, highly refractive oil with the odour of camphor, b. p. 
220 — 228° (compare Perkin, T., 1883 — 1891). The esters are con- 
verted into the amides and hydrazides by the action of ammonia 
or hydrazine in the usual way. Pentiine-aaee-tetraearbori/lami'h 
forms soft prisms, m. p. 280°, and the tetrahydrazide, 
(N.,H 3 -CO) 2 CH-C 3 H ( .,-CH(CO-N 2 H 3 ) 2 . 
is a snowy powder, m. p. 200° (decomp.), which yields a tetrahyaro- 
cldoride, m. p. 200°, a plat i nochloride, and 

a tetrcibemylidene compound, m. p. 248°. The telra-azidc is an 
odourless, white powder, which melts under benzene at 50 — 5o , is 
comparatively stable when dry, but explodes on rubbing. The tttra- 
anilide is obtained from the azide as a white powder, m. p 285 ■ 
The azide also changes into an impure carbamide derivative when 
boiled with water, and into an oily urethane on boiling wit 
alcohol, the latter giving a distillate containing glutardialdeh} e > 
C 3 H ri (CHO) 2 , when boiled with dilute sulphuric acid. cycloButanc 
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l ■ \-dicarbo%ylamide crystallises in long, rectangular prisms, m. p. 
2GS°, and the dihydrazide, CH 2 <™ s >C(CO-N 2 H 3 ) 2 , forms stout 

tablets or short needles, m. p. 109—110°, and yields a dikydro - 
chloride, m. p. 175 — 176° (decomp.), a platinochloride, B,H 2 PtCl 4 , 
a dipicrate, yellow needles, m. p. 185°, a dibenzylidene compound, 
m. p. 212 — 213°, a disalicylidene compound, m. p. 215°, and a 
(InsopropyUdene compound, m. p. 176 — 177°. For the conversion 
of the dihydrazide into the diazide, the temperature of the mixture 
must be kept well below —5°, otherwise evolution of^ carbon 
dioxide and nitrogen takes place and a deep red solution is obtained. 

The diazide, CH 2 <^!>C(CO-N 3 ) 2 , is a colourless, lachrymatory 

oil, which can only be kept when moist for a short time as it is 
decomposed by water. cyclo/f«fa»e-l : 1-dicarboxylanilide, m. p, 
214 — 215°, and the di-p-toluidide, m. p. 247°, are obtained from 
the azide. The azide is hydrolysed to a considerable extent with the 
production of free hydrazoic acid when warmed with water or 
alcohol, but it also loses carbon dioxide and nitrogen, and when the 
product is acidified and distilled, cyc/obutanone is found in the 
distillate. From the solution, cyelo bxitanonephenylhydrazone, a 
pure white, light mass of felted needles, or long needles from 
benzene, m. p. 95 — 96°, which can only be kept a few hours, and 
the stable semicarbazone, in. p. 211 -212° (decomp.) (compare 
Demjanov and Dojarenko, A., 1908, i, 156), may be precipitated by 
adding the appropriate agents. 


VI. [With Hermann Thiemann,] —Hydrazide and Azide, oj 
s.-Elhanetetracarboxylic Acid. — Ethanetetracarboxytetrahydrazide , 
C 2 E,(CON 2 H 3 ) 4 , crystallises in slender needles, m, p. 205° 
(decomp.), and forms a tetrahydroehloride, m. p. 145—148° 
(decomp.), a tctrabenzylkhnc compound, m, p. 242°, a tetramlicyl- 
it/ene compound, m. p. 213—214°, and a tetraisopropylidene com- 
pound, C - v H : , 2l 0 4 , 41 Lj 0 , m. p. 255°, which evolves dimethylket- 
azine, CMe 2 .N*N .CMe., when heated at 110°. The conversion of 
the hydrazide into the tctra-azide (radiate groups of white crystals) 
only proceeds in the presence of an excess of hydrochloric acid which 
entails considerable loss of hydrazoic acid. The azide may be con- 
verted into the tetra-anilide, m. p. 240 — 242°, telra-\i-tolvidide, 
in. p. 236—237°, and tetraurethane, C 2 H 2 (NH-CO.,Et) 4 , white 
needles, m. p. 268°, the mother liquor from the latter preparation 
containing glyoxal. When the tetrahydrazide is warmed with water 
it changes into the yellow hydrazine salt of ethanetelramrboxytri- 

Mrazid f, NH„-N< C y fU-CO-NjH, h; 

- v C(0-N n H,):C-CO-N.,H z ’ p ' ’ WMca 
reacts with acetone to form the triisopropi/lidene compound, 

. v v ^co-ch-co-nh-n:cmp, 

' -Me 2 .b < (;0 . CH • CO N H ■ NIC M e, P ' W8 - M0 ° 3H =°' 

m. p. 90—92°). This is converted into, the tribenzylidene com- 
pound, m. p. 193 — 194°, by means of benzaldehyde, and then into 
6 fri ^ydrochloride, m. p. 182 — 183° (decomp.), by rubbing with 
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concentrated hydrochloric acid. The corresponding triazide, j s a 
very explosive, viscous oil, which may he converted into ethane, 
tricarboxytrianilide , NHPh*CO*CHVCH tCO’NHPh).,, m. p 

223 — 224°, and tri-p-toluidide, m. p. 230°. The tetrahydrazide loses 
still more hydrazine residues when ground with bromine water o t 
warmed with alcoholic iodine, the product being ethanetetracatl. 
CO-CH-CO 

oxydihy dr azide, NH 2 *N<^q which crystallises in 

highly refractive, glistening scales, m. p. 254 — 255°. This has both 
acidic and basic properties, forming a dipotasmim salt, 


pale yellow leaflets, m. p. 158°, a dihydrazine salt, m. p, 208°, 3 
diammonium salt, m. p. 98°, which loses ammonia when kept, and a 
hydrochloride , m. p. 185 — 186° (decomp.). It also yields a dibenzyl- 
ide-ne compound, m. p. 240 — 241°, a disalicylidene compound, m, p. 
231 — 232°, a diisopropylidetie compound, m. p. 261°, and a tetra- 
acetyl derivative, m. p. 202 — 203°. When treated with sodium 
nitrite and hydrochloric acid, the dihvdrazide changes into ethane- 
CO’CH'CO 

tetracarboxydi-imide, NH<^_,q ^ ^^>NH, which crystallises in 

colourless leaflets, blackens at 265—270°, and formB a stable 
disilver salt, 2H 2 0. When boiled with, water for a few hours, tie 
tetra- or tri-hydrazides lose carbon dioxide as well as hydrazine and 
give succinodihydrazide, thus, 

CjHofCONjIIj), + 211,0 - C 2 H 4 (CO-N 2 H s ) 2 + 2N 2 H 4 -f 2C0,. 

J. C.W. 


The Evolution of Proteins. E. L. Kexnaway ( Chem. Ness, 
1920, 120, 13 — 16). — After discussing the amino-acids which have 
been established as occurring commonly in proteins, the author 
draws attention to their very limited number, but great diversity, 
as regards structure. lie then goes 011 to consider whether tie 
simplest plants, for example, bacteria, yeasts, contain all these 
amino-acids present in the higher plants, and, taking the inform- 
ation available, shows that, with the exception of hydroxyproline, 
the presence or absence of which is not established, all the seventeen 
amino-acids considered arc present in one or other of the five 
bacteria, yeast and mow Id. which have been examined. The two 
doubtful occurrences are serine and oystiue. The author then dis- 
cusses the bearing of these results on 
that of the higher animals, which are 
some of their essential amino-acids. 

The Hydrolysis of Proteins in the Presence of Ex- 
traneous Materials and on the Origin and Nature ol the 
"Humin” of a Protein Hydrosolate. R. A. ° 01iT ™ 
(Science, 1918, 48, 122^124; from Physiol. Abstr., 1920, 4, 46b). 
— A strong criticism of McHargue's statements regarding pro-f- 3 
hydrolysis (compare A., 1918, ii, 280). " ' 




evolution, particularly on 
dependent on plant life for 
W. Gr. 
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Action of Furfuraldehyde and Dextrose on Amino- 
acids and Protein Hydrolysates. C. T. Dowell and 
Paul Menaul (J. Biol. Chem.., 1919, 40, 131— 136).— It was 
observed that when whole plants, including the seed, are hydrolysed, 
a large amount of furfuraldehyde is given off, and that an unusually 
high percentage of hutnin nitrogen is obtained. No evidence of 
a reaction between glycine and furfuraldehyde was obtained, but 
there was an indication that reaction occurred with tyrosine and 
cystine. Only a slight amount of the humin nitrogen is due to 
adsorption. There is reaction between the hydrolysates of proteins 
and furfuraldehyde, which is particularly marked when the reac- 
tion takes place in neutral or acid solution. The greatest loss of 
amino-nitrogen occurs, however, when dextrose is present during 
hydrolysis, and it is therefore concluded that dextrose reacts directly 
with the amino-acids, and not through the intermediate formation 
of furfuraldehyde. Complete hydrolysis of proteins may be 
effected by heating in 10% hydrochloric acid for three hours at 
20 lb. pressure. J. C. D. 

Hydrolysis of Stizolobin, the Globulin of the Chinese 
Velvet Bean, Stizolobium niveum. D. Breesk Jones and 
Carl 0. Johns (J. Biol. Chem... 1919, 40, 435— 448).— The globulin 
of the Chinese velvet bean has been hydrolysed and the percentages 
of the constituent amino-acids determined : 77-21% of the total 
protein was isolated as amino-acids and ammonia. Aspartic acid 
was determined both by the usual ester method and by Dakin's 
recently published process (Dakin, A., 1919, i, 150). The former 
method yielded 5'7% and the new process 9-23%. 2 81% of the 
recently discovered hydroxyglutamic acid was also obtained. 

J. C. D, 

Solubility of Casein in Dilute Solutions of Sodium 
Chloride and its Dependence on the Hydrogen Ion Con- 
centration. Sigfrid Ryd (Arkir. Kern. Min. Geol. 1917, 7, 
b'c 1, 1 — 15). — The solubility of casein in dilute solutions of 
sodium chloride has been determined for thirty-two concentrations 
at 18—20°. The casein in weighed quantity was placed in a 
cylindrical vessel fitted with stirrer, thermometer, and two burettes. 
A quantity of a standard solution of sodium hydroxide, sufficient 
to dissolve the casein, but not- an excess, was added, and the mix- 
ture stirred until solution had occurred. Then from one of the 
burettes standard hydrochloric acid was added until an opalescence 
was produced. Thl amount of sodium hydroxide taken in the first 
place was so chosen that the hydrochloric acid necessary to produce 
opalescence was slightly more than equivalent to the sodium hydr- 
oxide, the excess of acid was neutralised, and the casein redissolved 
by the addition of sodium hydroxide from the other burette. This 
process was continued until the acid ancl alkali, when exactly equi- 
valent, just produced an opalescence. Hence the concentration of 
the solution on casein and sodium chloride was known. The solu- 
bility of casein in sodium chloride solution rises with increase in 
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the concentration of the sodium chloride to a maximum, which i, 
reached with 0'1150-V-sodium chloride. The following are the 
extreme values: O' 0365 A -N a (01 dissolves 0‘64 mg. per c.c., 
0'1150A-NaCl dissolves 3-46 mg. per c.c., and 0’2725jV r -NaCl dis- 
solves 1-32 mg. per c.c. The hydrogen-ion concentration of eat ], 
saturated solution was determined at 21°, and it is found that this 
quantity is practically constant at 5'13xlO- 6 .V, from which it 
follows that opalescence in solutions of casein occurs when tht 
hydrogen-ion concentration has the above value and this lies very 
near the iso-electric point, which has a value I t x 10" 4 — 7’9 x 1(H 

J. F. 8. 


Hcemocyanin. 1. Recrystallisation oi Oxyhamocyanin. 

ArREL D. Craifaleanu (Boll. Hoc. Nat. Napoli.., 1918, 
31, 88- -99). —The author describes the crystallisation of haDmo- 
cvanins from the Wood of Octopu s vulgaris, 0. macropus, and 
EM one mmchata, following the methods described by Hofmeistp 
and by Hopkins and Pinkns for (he crystallisation of egg-albumin, 
The hiemocvanin derived from the blood of 0. vulgaris mir 
crystallise in three different forms : short needles, rosettes of needles, 
and relatively large crystals, which, from their appearance under 
the microscope, the author terms “projectile” crystals. These 
forms vary with the conditions of crystallisation. The haunts 
cyanin from 0 . macropus was obtained in long, needle-shaped 
crystals. On allowing the glass containing the crystals and mother 
liquor to remain for some time, the crystals become insoluble, and 
this modification is termed parahaemoeyanin. The pigment from 
the blood of E. moschnta crystallises in needles. The so-called 
“projectile” crystals are characteristic cf the hremoeyanin from 
0. rulgaris. 


Crystalline Salts of Uridinephosphoric Acid. P. A. 

T.evene (. 7 . Biol. Chem.. 1919. 40. 393—398. Compare A., 1918, 

j j 30) The normal ammonium salt is readily prepared from the 

lirucine salt, and crystallises in heavy, elongated prisms, rlecomp 
183° (uncorr.). In aqueous solution it has [a]„ + 21 ’0°, and 
crystallises with 1H,0. The ammonium hydrogen salt crystallises 
in long, prismatic needles, fa'ff -13-0°, contracts at, 210° (corr.l 
decomp at 242° fcorr.). Normal lead salt, long needles. Brucine 
salt, a i n,,0„N. 1 P(C., s II,,0 4 N,l,.7IT,0, [«|? -20-00 (in very dilute 
solution). Air-dried substance effervesced at 18o (coir.), and 
contracted and melted without further deoomposition at ™ 
(corr.). 

Crystalline Guanylic Acid. P. A. Levknk (/. Biol. Clrnn 

1919, 40, 171 — 174). — The crude brucine salt of guanylic acid " 
converted into the ammonium salt and precipitated from aqiw- 
solution with neutral lead acetate. The solution obtained m 
removal of lead from the precipitate yielded, on connentratio 
diminished pressure, a crystalline substance. Analysis co p 
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with the formula C 1(1 H 14 0 8 N 3 ,iII 2 0, [a]* in aqueous solution — 7'5°. 
Iu o% aqueous ammonia, [a]* -43'5°. In 10% hydrochloric acid 
it was optically inactive. The substance had all the properties of 
.mauylic acid. It gelatinised in the presence of mineral impurities 
aud turned brown at 208°. The brucine salt, C^II^OjaN^THoO, 
contracted at 217°, melted at 233°, and effervesced at 240°; 

-26-0° in 35% alcohol. j. c. D. 

The Structure of Yeast-Nucleic Acid. IV. Ammonia 
Hydrolysis. 1’. A. Levene ( J . Biol. Client., 1919, 40, 410 — 424). 
—The original graphic representation of the entire molecule of 
yeast-nucleic acid had only an arbitrary schematic sense (compare 
Levene and Jacobs, A., 1909, i, 620, 686; 1911, i, 96, 510). The 
views as to structural formula; advanced by Jones (A., 1917, 232, 
233, 596, 597) and by Thannhauser (A., 1914, i, 1015; Thann- 
hauser and Dorfmiiller, A., 1918, i, 47) and the evidence adduced 
ill their support are considered. 

Nucleic acid was hydrolysed in a 2'5% aqueous ammonia solution 
[or one hour at 100°, a milder treatment than that employed by 
either Jones or Thannhauser. It is proved that the adenine-uridine 
dinucleotide is a mixture of two mononucleotides. The fraction 
originally regarded by Jones as a guanine-cytosine dinucleotide was 
found to consist principally of guanosinephosphoric acid, together 
with a small proportion of uridinephosphoric acid. The present 
findings nullify the experimental evidence in support of the theories 
of Jones and Thannhauser. From the theoretical point of view, the 
theory of Thannhauser is weak because it assumes a carbon to 
carbon linking, which is a very strong type of union, whereas the 
polynucleotide is readily dismembered into mononucleotides. The 
ether linking accepted by Jones is also a very firm union. 

On the basis of considerations such as these the linking of the 
nucleotides could be expressed most simply in the following way : 

0-P0(0H) 2 O O O 

C 5 H 7 O r -0-P-0-C 5 H J 0 2 -0-P-0-C 5 H,0 2 -0’P-0-C i H 7 0. 2 . 

C 5 HON, OH 0 4 H,ON s OH C' 4 H j 0 2 N 2 0H U 5 H 4 N s 

tor the present this formula expresses the facts known about the 
structure of yeast-nucleic acid. Whether it will require alteration 
or not, it is certain that the polynucleotide structure of yeast- 
nucleic acid is definitely established. J. C. D. 

The Combination of Enzyme and Substrate. I. Estima- 
tion of Pepsin. II. The ESect of the Hydrogen Ion 
Concentration. Jonx H. Noktiirov (J. Gen. Physiol. , 1919, 2, 
113— 122).— The change in the conductivity during the digestion 
°f egg-albumin by pepsin affords a convenient and accurate method 
for the estimation of pepsin. The changes in conductivity do not 
ollow the actual rate of digestion, but the percentage change in 
conductivity is constant for a given quantity of pepsin, irrespective 
0 the absolute value of the original conductivity. It was found 
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that the maximum change occurred in strong solutions of eg„. 
albumin titrated to p H 2' 6 with hydrochloric acid. By this procej S 
it is possible to determine quantitatively the amount of pepsin 
removed from solution by various substances. 

A series of experiments with substances such as starch, calci Em 
sulphate, agar, kaolin, blood-charcoal, caseinogen, and egg-albumin 
gave results which indicate that the removal of pepsin from solution 
is not purely a matter of surface, but that it is dependent in some 
way on the substance itself. That is, the equilibrium reached is 
independent of the size of the particles, and therefore of their 
surface. This would indicate that the process is either one of solu- 
tion, in which case the law of partition-coefficients should be found 
to hold, or of chemical combination, in which case the law of m a8! 
action should apply. 

Preliminary experiments indicate that the process follows the law 
of partition-coefficients. 

There is a decided optimum hydrogen-ion concentration for the 
combination of pepsin with its substrate corresponding with the 
optimum reaction for digestion. It is suggested that the combina- 
tion of pepsin with its substrate, and hence the rate of digestion, it 
governed by the quantity of ionised protein present. J. C. D. 

The Different Actions of Pepsin and Chymosin on Acid 
Solutions of Syntonin. Olof IIammarsten (Mecld. It Vetmkap- 
akad. Nobel-lnst., 1919, 5, No. 7, 1 — 13). — In previous papers 
(compare A., 1918, i, 459, 510) the author has put forward evidence 
in support of assigning separate identities to chymosin and pepsin, 
Further support to his views is given by the experiments detailed 
in the present paper, syntonin obtained from fish or horseflesh being 
used in place of acid and alkali legumiu (A., 1918, i, 510). The 
method of experiment was similar to that previously detailed, and 
all the results indicate that chymosin acts on syntonin, forming' 
albumoses, at an acid concentration at which pepsin is inactive. 

T. S. P. 

Catalase. Eiichi Yamazaki (J. Tokyo Chem. Soc., 1919, 40, 
514 — 522). — The author has previously deduced an equation (ibid., 
35 and 36) by which it is possible to describe the course of the 
reaction between catalase and hydrogen peroxide at any tempera- 
ture and any initial concentrations by using the temperature-coeffi- 
cient and the value of k at 18°. He now finds that, contrary to 
Evans’s statement (A., 1907, i, 456), even with a range of concen- 
tration from 1 to 80, k/E 0 is constant provided the hydrogen-ion 
concentration is kept constant. Blood catalase, prepared by the 
method of Senter (A., 1903, ii, 661), is diluted to less than 1% 
20 c.c. of 0'02A’-sodium hydrogen carbonate are added to each 
solution of the enzyme, the volume is made up to 130 c.c. at 25°, 
and 20 c.c. of 0'028iV-hydrogen peroxide are added. The estima- 
tions are made in a current of carbon dioxide. 

The aythor discusses the kinetics of catalase action, and is 
opinion that the action is purely chemical. 

Chemical Abstracts. 
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Urease and the Radiation Theory oi Enzyme Action. IV. 

H. P. Babendbecht ( Proc . K. Akad. Wetensch. Amsterdam 1919 
22, 126—138. Compare A., 1919, i, 604; this vol., i, 102).— A 
continuation and completion of previous work. The accelerating 
action observed with urease and attributed by previous experi- 
menters to carbon dioxide is shown to be non-existent. Ammonium 
carbonate and carbon dioxide form a powerful buffer mixture which 
can maintain a constant P n value, the essential condition for con- 
stant enzyme activity in a urea solution during hydrolysis by urease. 
The estimation of initial velocities of hydrolysis, equal concentra- 
tions of urease being allowed to act on different concentrations of 
urea at constant P^ and T values, produces results which appear 
inexplicable without the radiation theory. The. lower the value .of 
P z the more the initial velocities increase with increase in the urea 
concentration. With high P K values there is first an increase and 
then a decrease on raising the urea concentration. These facts are 
strictly in accordance with the radiation hypothesis. The urease 
radiation, weakened by spreading or in any other way, may effect 
synthesis. This is indicated by the fact that at high’ P n 'values, 
where the urease is shown to be decaying, reversion of an hydrolysis 
• has been observed. From the last fact it is deduced that outside 
the sphere of hydrolytic action around a urease molecule there must 
be a region of radiation, weakened by spreading, and therefore of 
synthesis. This is confirmed by the fact that on diluting the urease 
concentration beyond a certain value, its specific activity is 
decreased. From this it is evident that the synthetic action of 
urease, which is not decaying, can only come into play when the 
spheres of hydrolytic action do not intersect one another. It is 
shown experimentally that in any urease solution in which the 
enzyme is decaying through the combined action of alkalinity, tem- 
perature, and time, a synthesis of urea from ammonium carbonate, 
proportional to the urease concentration, is observed. A descrip- 
tion of an apparatus for determining the concentration of 
hydrogen and hydroxyl ions is included in the paper. J. F. S. 

Cyanodiphenylarsuxe. Giuseppe Sturniolo and Giacomo 
Bellinzoni (Boll. Chim. Farm., 1919, 58, 409— 410*).— Cyanodi- 
■pheni/larsine, AsPh 2 - CN, crystallises in almost colourless, apparently 
monoehnio plates, m. p. 35°, having the odour of both garlic and 
bitter almonds, hydrogen cyanide being liberated readily by the 
action of moist air; its odour irritates the nasal mucus, provoking 
sneezing. By treatment with aqueous or alcoholic alkali hydroxide, 
or by heating with water, or by distillation either in a current of 
steam or under reduced pressure (100 mm.), it is converted into 
diphenylarsine oxide, (AsPh 2 ) 2 0. When treated either with con- 
centrated nitric acid on the water-bath or with 2% hydrogen per- 
oxide, or with bromine water in the cold, it yields diphenylarsinic 
acid. Both cyanodiphenylarsine and diphenylarsine oxide, eontain- 
mg tervalent arsenic, are transformed into diphenylarsinic acid, in 


* and Oazsetta, 1919, 49, ii, 326—327. 
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which the arsenic is quinquevalent, by the traces of hydrogen p er . 
oxide sometimes occurring as impurities in ether and in 2j :: . 
petroleum. The alkali salts of diphenylarsinic acid are soluble 
whereas the iron salt forms a very fine, white, insoluble powder and 
decomposes when heated. T. H. p. 

Tetraphenyldiarsine. C. W. Porter and Parry Borgstrom/J 
Avier. Chum. Soc., 1919, 41, 2048 — 2051). — The authors have prepared 
tetraphenyldiarsine in a pure state from the oxide by the method 
of Michaelis and Schulte (compare A., 1883, 187), and distributed 
it into sealed glass tubes without allowing it to come into contact 
with air. So prepared, when exposed to air it oxidises to diphenyl, 
artinic acid and tetraphenyldiarsine oxide, but is not spontaneously 
inflammable, as reported by Michaelis (compare A., 1902, i, 5lj) 
In benzene solution it gradually absorbs oxygen. In similar solu- 
tion it rapidly absorbs iodine, giving a crystalline iodo-compound 
m. p. 30°, which is probably diphenyliodoarsine. Its vapour 
pressure at 200° is about 1 mm., and at 300° in a vacuum it dccom. 
poses, giving arsenic and triphenylarsine, and consequently its 
molecular weight in the . state of vapour cannot be determined. 
Molecular weight determinations by the cryoscopic method in 
naphthalene indicate that tetraphenyldiarsine is associated at the 
freezing point of naphthalene. IV. G. 

The Constitution of Arseno metallic Compounds. P 

Karree (Btr., 1919, 52, [Zf], 2319 — 2324).— In reply to Kollo 
(Dent. med. Woch., 1918, 1177) and Binz, Bauer and Hallsteiu 
(Arhh. aus Inst. exp. Therapie Georg Speyer Haw, 1919, 25. 
45), tile author maintains the correctness of the views advanced by 
Ehrlich and Ivarrer (A., 1916, i, 95), that the metal in complex 
salts, such as copper- and silver-salvarsan, is directly united to the 
, "R-As .... Me X 

arsenic atom, thus, , H. V. 

R'As .... Me X 

Chemotherapeutic Studies on Organic Compounds 
containing Mercury and Arsenic. George W. Raiziss, 

John A. Kolmek, and Joseph L. Gavron (./. Biol. Chem., 1919. 
40, 533 — 552). — The following are described : 3-Nitroarsanilic nnd 
mercuriacetate , O A c/ Hg • C;- 1 1 ,( NO. ) ( N IT . ) • A sO (Oil),, bright yellow 
powder soluble in dilute sodium hydroxide on wanning. 
hydroxy phenylarsink acid mercuriacetate, C B H s O s NAsHg, yellow 
powder soluble in dilute sodium hydroxide. .3 :5~Din.itro-A h.ydrc-r 
phenylarmnic acid mercuriacetate , C s H 7 O ]0 N. 2 AsHg, bright yellow 
powder partly soluble in dilute sodium hydroxide. 3-Amino-r 
h ydroxy phenylarsinic acid mercuriacetate., C 8 H,„O fl NA3Hg, brown 
powder soluble in dilute sodium hydroxide; the solution decomposes 
on keeping, with deposition of metallic mercury. 3:5 Ihamnio- 
4,-hydroxyphenylarsinic acid mercuriacetate , C R H 11 O fi N.,AsHg. oai 
brown powder soluble in very dilute sodium hydroxide; the solution 
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leconip 0 ® 6 ®' wll 'k I ' orlnatlotl of metallic mercury. i-Carloxyphenyl- 
*rs»c add mercuriacetate, C,H,0,AsHg, cream-coloured powder 
oluble in dilute sodium Hydroxide, soluble in dilute hydrochloric 
j C iil concentrated sodium chloride solution, and in glacial acetic 
acid ? on warming. DiacetylA : b-tliamino-i-hydroxyphenylarsinic 
mid mercuriacetate, C K H !5 0 8 N 2 AsHg. grey powder soluble in dilute 
sodium hydroxide to form a brown solution, from which mercury is 
, .....Red 3 -Bromoarsanilic acid mercuriacetate , 

' C g H,OsNBrAsIIg, 

white powder soluble in dilute sodium hydroxide, warm glacial , 
acetic acid, and 10% hydrochloric add. 3 -Bromo-omiylarsanilic 
mid mercuriacetate , C 10 H 9 O 8 NBrAsIIg, white powder soluble in 
dilute sodium hydroxide; the solution deposits metallic mercury on 


keeping- . , 

All the above compounds are insoluble in the usual organic 
solvents. The presence of the arsinic acid group in the molecule 
of organic compounds apparently does not interfere with the 
entrance of the mercury group. As a class, this type of compound 
is comparatively stable in alkaline solution, the splitting off of 
mercury occurring only in compounds containing an amino-group. 
The toxic effect on the auimal body appears to be caused mainly by 
the mercury group. These new compounds were not found to be 
superior to the ordinary organic mercury compounds as regards 
curative influence in experimental trypanosomiasis and germicidal 
effect in vitro. J. C. D. 


Lead Triaryl, a Parallel to Triphenylmethyl. Ilmen 
Kbause and Maeia Schmitz (Ber., 1919, 52, [3], 2165 — 2170). — 
Indications of the formation of unsaturated organo-derivatives of 
lead, in which the metal is attached to carbon atoms by fewer than 
four valencies, have been previously observed, but the isolation of 
such substances has hitherto been impossible. The authors have 
succeeded in preparing lead tri-p-2-xylyl in the crystalline condi- 
tion, and have shown that unsaturated derivatives are also formed 
to a greater or less extent by the action of magnesium phenyl or 
n-tolyl bromide on lead dichloride. 

Lead tri-p-1-xylyl, Pb(C 6 H 3 Me 2 ) s , is prepared by the addition of 
flnely powdered lead dichloride to an ethereal solution of the calcu- 
lated quantity of magnesium p-2-xylyl bromide; the bulk of the 
dichloride dissolves to a brownish-yellow or chestnut-brown solution 
of the diaryl compound, which gradually at the ordinary tempera- 
ture, but more rapidly when heated, deposits lead and yields the 
lead triaryl. The substance forms a pale yellowish-green, heavy, 
crystalline powder which, under the microscope, appears to be 
formed of colourless, well-developed rhombs. Determinations of the 
Molecular weight by the eryoseopic method in benzene solution 
indicate the formula [(C 8 H 9 ) 8 Pbj,, so that the compound may 
possibly be regarded as hexa-;j-2-xylyl diplumban, 
j (C 8 H 9 ) s Pb-Pb(C B H 9 ) 3 . . 

|ine colour of the substance, however, points to a feeble union oi 

tol, cxvm. i. 4 
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the lead atoms and to the possibility of dissociation under the 
influence of light. Probably the lead atoms are united in much 
the same manner as the methane carbon atoms of the triaryl, 
methyls As is to be expected, the substance is readily attacked by 
chemical reagents; thus, when treated with bromine in pyridine 
solution at -40°, it gives lead tri-y-1-xylyl bromide, four-sided 
leaflets, m. p. 177°, whilst in chloroform solution at -10° it yields 
lead di-y-’l-xylyl dibromide, colourless, shining rods, m. p. 120®. 
Lead tri-n-2-xylyl is remarkably stable towards air, and is 00 t 
oxidised either in the solid state or in solution, although in ft, 
latter condition it is rapidly and completely decomposed on exposure 
to lio-ht It is not sensitive to rise of temperature, and decomposi- 
tion b does not occur until 220°; for this reason, attempts to obtain 
lead tetra-p-1-xylyl by the action of magnesium p-2-xylyl bromide 
on lead chloride at elevated temperatures were unsuccessful, bat 
the compound was readily prepared from lead tri-p*2-xylyl bromide 
and the Grignard reagent ; it forms colourless, rectangular plates, 
m. p. 255°, which decompose above 270°, with separation of lead, 

H. W. 


Mixed Lead and Tin Aryls and Aryl Alkyls and their 
Application to the Synthesis oi Organo-compounds oi 
Stiver Examples of the Influence of Symmetry on the 
Prooerties of Chemical Compounds. Emcn Krause and 
Maria Schmitz (Ber., 1919, 52, [B |, 2150-21 64). -The conversion 
of the readily accessible lead aryl monohaloids and tin aryl mono- 
haloids (A 1918, i, 415) into mixed aryl and aryl alkyl compounds 
is described. Asymmetry in the latter appears to impart, to the 
compounds lower m. p. and greater solubility and chemical activity 
which is explained by the assumption that, the metallic atom is 
more completely protected from contact with a reagent by the 
symmetrical union with, for example, four phenyl groups, wink 
with unlike groups spaces are left, through which the reagent a 
penetrate. The lead and tin aryls or aryl alkyls react with a cold 
alcoholic solution of silver nitrate, yielding bright yellow pre- 
cipitates, which could not always be isolated in a P™ 
but which are shown in the cases of lead and tin tnphenyleth 
to have the composition 2PliAg.AgNO s . 

Hired Lead Aryh and Aryl .4 Wfcj*.-The , compounds ar p 
pared by the addition of lead triphenyl bromide to an ethereal * 
tion of the magnesium aryl bromide and are isolated w the * 
manner. Unnecessarily protracted heating and lon K eX ?° ,U j tt , 
the crude products or their solutions to light and the ai 
laboratory are to be avoided The yields are almost quantit t^ 
The following substances are described : lead triphenyl p y . 
like needles, m. p. 125-5°; had triphenyl P^-zjM 
crystals, m. p. 104-5°; had triphenyl m-i-xylyl, rod a ra g 
clusters, m. p. 111-5-112°; lead triphenyl ^ 

shining needles, m. p. 119-120°; had 
less needles grouped in rosettes, m. p. 101 , lead V 
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y x vl m. p* 119°; lead triphenyl ethyl, needles, m. p. 42°, 
a 1 * 62628 , Df (vac.) 1*5885 ; lead diphenyl di-a-naphthyl (from 
iSd diphenyl dibromide and magnesium a-naphthyl bromide), 
microscopic prisms, m. p. 197°; lead di-a-naphthyl diethyl, inter- 
e rown prisms, m. p. 116°. 

6 Mired T* n Aryls and Aryl Alkyls. — These are prepared from tin 
triP'henyl chloride and excess of magnesium aryl or alkyl haloid in 
almost quantitative yield. The following substances are described : 
ft» triphenyl p-tolyl, small, slender needles, m. p. 124°; tin tri- 
„henyl p-2 -xylyl, coarse, six-sided plates, m. p. 100-5°; fin tri-phenyl 
i-navhthyl, colourless prisms, m. p. 125°; tin triphenyl methyl, 
kroe shining rhombs, m. p. 60°, Df® (vac.) 1311 3, ng* 1 6001, 
el 1 60661, nf? 1 ‘62351, w“,® 1 ‘63831 ; tin triphenyl ethyl, ice-like 
crystals, m. p. 56°, Df (vac.) 1-2953, <„ 1 59917, < 160542, »« 

1 62236 ; tin tetra-o-tolyl (by action of a large excess of magnesium 
o-tolyl bromide on a suspension of the etherate of stannic chloride), 
white, crystalline powder, m. p. 158 — 159°, 

Action of Mixed Lead and Tin Aryls on Silver Nitrate and 
Uercurie Chloride. — Silver phenyl silver nitrate , 2PhAg,AgN0 3 , is 
prepared by the cautious addition of a solution of lead triphenyl 
ethyl in absolute alcohol to an alcoholic solution of silver nitrate. 
It forms a canary-yellow, amorphous powder resembling cadmium 
sulphide in shade. The colour deepens rapidly when the substance 
's heated until decomposition occurs at about 100°, the exact 
emperature depending both on the rate of heating and on the age 
if the preparation. It explodes when heated in a test-tube. The 
:olour is practically unchanged after twelve hours in complete dark- 
less, but darkens within a few minutes on exposure to diffused 
ight. Similarly, lead triphenyl ethyl and mercuric chloride yield 
mercury phenyl chloride, leaflets, m. p. 250°. Tin triphenyl ethyl 
gives silver phenyl silver nitrate and mercury phenyl chloride with 
silver nitrate and mercuric chloride respectively, the products being 
identical with those prepared from the lead compound. Lead tri- 
phenyl p-phenetyl and silver nitrate yield a product which closely 
resembles the silver compound described above, but does not appear 
to be homogeneous. Lead tetraphenyl. tetra-p-tolyl, and tetra-p-2- 
sylyl are not acted on by cold alcoholic silver nitrate solution, but 
tie solid compounds become grey, owing to the gradual i eduction of 
the silver nitrate on protracted boiling of the solution. Lead tri- 
phenyl p-tolyl, triphenyl p-2-xylyl, and triphenyl m-4-xylyl have no 
action in dilute solution, or only cause a yellow coloration ; with 
excess of concentrated silver nitrate solution, immediate precipitates 
[closely resembling silver phenyl silver nitrate are formed, which 
?ve a colourless solution in the boiling solvent, and then yield a 
silver mirror and a brownish-yellow precipitate. Lead triphenyl 
a-naphthyl, diethyl dinaphthyl, and triphenyl cyriohexyl yield 
immediate precipitates, even in dilute solution, which are very 
similar to one another in appearance and reactions, except in colour 
of the naphthyl compounds, which is orange-yellow ; the latter sub- 
srincea yield naphthalene when treated with hydrochloric acid. 

h 2 
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Lead diphenyl di-o-tiaphthvl does not react with alcoholic silver 

The aromatic tin compounds react less readily than the corre- 
spending lead compounds. Tin tetraphenyl does not react; tin 
triphenyl p-tolyl and triphenyl p-2-xylyl do not act in cold solu- 
tion, and cause reduction when boiled. Tin triphenyl phenetyl 
mves a yellow precipitate after a few seconds, whilst tin triphenyl 
methyl, like the ethyl compound, gives an immediate precipitate of 
silver phenyl silver nitrate, which becomes black when warmed. 

According to the literature, the lead alkyls immediately reduce 
silver nitrate; the authors’ hypothesis, that very unstable silver 
alkyls are formed as intermediate products, is confirmed by the 
observation that yellow precipitates are formed, which are stable at 
-30° for several seconds, and at -80° for several minutes 

H. W. 


Physiological Chemistry. 


Analyses of Blood Gases. III. The Permeability of 
Human Erythrocytes to Chlorions. Id. Straub and Klotbilds 

zViUch., 1919 , 98 . 205-228. Compare A., 1919, 

i 53 | Blood corpuscles suspended m a physiological sodium 

chloride solution were subjected to the influence of various concen- 
trations of carbon dioxide. It was found that the corpuscles ac e 
as “ buffers ” towards carbon dioxide. The hydnon concentration of 
the inside of the cells exceeded /> K = T'00 only when the sodium 
chloride solution in which the corpuscles were suspended reache 
an hydnon concentration of f n =- 6-67. This rs, no doubt, brought 
about by the alteration in the colloidal condition of the cell mem- 
brane The chan»e in the hydnon concentration was found to b* 
independent of th°e concentration of Cl and Na ions of the solution 
in which the corpuscles are suspended as long as a certain mini 
of these ions was assured and the solution made isotonic. In hyper 
tonic 0-2 molar salt solutions, the change m the corpuscles^, 
brought about at the same hydnon concentration, namely, H 
In a hypertonic 0'102 molar solution, on the other hand, the^ ^ 
took place earlier. 

Analyses of Blood Gases. IV. The Influence of JJJj 

IoM on the Haemoglobin and Cell Membrane. 

ssj-sr ?£&&&£$*%• 

The haemoglobin loses its charge on the addition o 
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at the following hydrion concentrations: Na and K at 7 on 
Rb at P n =7-22, Cs at P H = 7-34. The membrane i co^ pe ’ 
meable to ammonium ions in low concentrations at P -T %. a 
Higher concentrations of these ions require a higher hydrfon con- 
centration before the membrane becomes permeable to them The 
action of ammonium ions on the charge nf v , , . e 
similarly influenced by the concentration of the ions Thf a^l 1 ’ S 
between the permeability of the cell membrane to the alkali ’ tm 
and the precipitation of colloids by means of these ions, is pointed 
out. The bearing of the adsorption theory on the nermckllT r 
the cell membranes to alkali ions is also discussed. P g g ° f 

Influence ol High Temperatures and Dilute Allrolio 
the Antineuritic Properties o{ Food. 4 m v V j 

Nellie I. McCluhc (J. Biol. Cl, cm., 1919, 37 ^01-2131 Th* 
results obtained by these authors are not in \ ‘‘■l, , “ e 

reported by McCollum and Simmonds (ibid., lgis’^s” 
appears improbable that the commercial canning of ’foods i 
responsible for a serious destruction of the antineuritic vitamine 
and the warning sounded by Chick ami n> „ 

1917 m 90, 60) is regarded as unClded ^ 3°C. ^ 

The Vitamines of Green Foods Thomas n 
Yvette B. Mendel (with cooperation of ' E dna iFjVrry ami 
Alfred J. Wakeman) (7. Biol. Cl, cm., 1919 37 I87_%m n i 
yeast is somewhat more than four times as efficmnt , s dri« 7pmach 
eaves when used as a source of the water-soluble vitamine These 
ie ves, however, appear to be a rich source of fat-soluble 1 The 
values of cabbage, lucerne, clover and timntliv nUnts ■ ‘ " , . 

tk water-soluble accessory substance are of tbo 1 1 j suppl y? n S 

f « ,b. jtjr ris “ 

- *■ 

" Bml. Chem 1919 40 390 4.01 T , n. Mitchell 

St =• “' 

“*"**• evidence to assume that t-Ly^Twenti^^J 1 C*!) 7 ** 

<* e , P^centa. Fredebick g. 

by the placenta mavT ’ ^ 3 . 7 - 10 °— 1 12).— Formation of urea 
PWcws l7 d ;‘ a „ , “7 US, t Ve '- V de ™°f ‘rated, although the 

a up to its production can only be surmised. 

Ph ■ J - C !>• 

a “ n Ch r 6miCal Com position of 

37. '< -IOII tj, i F1Wd - Doko 1y " :xo ( J - Viol, Chem., 1919 

u ) — the human ammotic fluid at the end of pregnancy 
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always contains coagulable albumins (an average of 0'226%, 
sive of mucin). The quantity of mucin was too small to be estim- 
ated. Peptones and proteoses were not found. Approximately 
0-003% of ammonia and 0 0323% of urea were found, together with 
very small amounts of uric acid and creatine, hut creatinine and 
hippuric acid were absent. Cholesterol is also a component of tie 
human amniotie fluid. J. C. D. 

The Effect of Pyretics and Antipyretics on Catalase 
Production. W. E. Bdroe (J. Pharm. expt. Ther., 1919, 14, 
121 — 130). — Tetrahydro-O-naphthylamine, adrenaline, caffeine, and 
sodium chloride stimulate the alimentary glands, particularly 
the liver, to an increased output of catalase ; this fact- is offered 
in explanation of the increased oxidation produced by these sub- 
stances, and hence of the accompanying fever, in so far as tie 
increased heat production is involved in this. Chloroform decreases 
catalase both by decreasing its output from the liver and by direct 
destruction of this enzyme. Ether decreases catalase principally In- 
direct destruction of the enzyme without disturbing the liver func- 
tion so much as does chloroform. Acetanilide, quinine, and pben- 
acetin produce a slight decrease in catalase by decreasing its output 
from the liver. Chloroform and ether lower temperature in so far 
as decreased oxidation is involved in this by decreasing catalase, 
the enzyme principally responsible for oxidation in the body. The 
fact that acetanilide, quinine, and phenacetin have little or no effect 
in decreasing catalase suggests that their mode of action in lowering 
temperature is not due to a decrease in oxidation. J. C. D. 

The Carnosine Content of Normal and Pathological 
Human Cardiac Muscles. F. Bubanovic ( Biochem . Zeitsck 
1918, 92 , 125 — 129).— The carnosine content of the human heart is 
very constant, and is not influenced either by hypertrophy or 
atrophy of the muscles. The average content is 0'25%. The carno 
sine was determined when possible, both by the diazo and the copper 
colorimetric methods. S. S. Z. 


Bioluminescence. X. Production of Carbon Dioxide 
during Luminescence of Cypridina Luciferin. E. Newtos 
Harvey (J. Gen. Physiol.. 1919. 2 , 133 — 135). — All luminous 
animals require oxygen for luminescence, but there has previously 
been some doubt as to whether carbon dioxide is given off as a 
result of this phenomenon. A brilliant luminescence results when 
a small amount of luciferase solution is added to a solution oi 
Cypridina luciferin (A., 1919, i, 299), so that- it should be possible 
to ascertain whether this process is accompanied by a liberation ot 
carbon dioxide. The results of experiments indicate that the oxida- 
tion of luciferin which is responsible for luminescence is not to * 
compared with the reactions in cells giving rise to the car oil 
dioxide of respiration. As previously suggested by the author, e 
process is probably similar to the oxidation of a leuco-dye (A^ • 

i, 299). J * U v ' 
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gioluminescence. XI. Heat Production during Lum- 
inescence of Cypridina Luciferin. E. Newton Harvey (J. 

Gtn. Physiol., 1919, 2, 137 — 143). — The heat change during the 
oxidation of luciferin by luciferase was investigated in order to 
ascertain the nature of the luminescent reaction. The change 
observed was so small that it is estimated that 1 gram of luciferin 
develops le ss than 0‘1 cal. during the oxidation process aceompany- 

luminescence. This clearly differentiates this type of reaction 
from those such as the oxidation of dextrose, 1 gram of which will 
give 4000 cal. Ik therefore appears probable that no carbon 
dioxide is produced during the oxidation of luciferin, and that the 
process is one more closely resembling the oxidation of leuco- 
methylcne-blue (compare preceding abstract). J. C, D. 

Physiology of Phosphorus and Calcium Metabolism as 
Related to Milk Secretion. Edward B. Meigs, N. R. 
Butiiekwick, and C. A. Cary (J. Biol. Chen., 1919, 37, 1 — 75). 
-Normal blood plasma contains no phosphorised protein, and prob- 
ably no phosphorus compounds other than phosphatides and 
inorganic phosphates. The phosphorus of these two classes of com- 
pounds certainly comprises more than 97% of all that exists in 
normal plasma. The precursor in plasma of milk fat and milk 
phosphorus is of a phosphatide nature. The concentration of 
calcium in the plasma of cows is quite constant. Small variations 
can be induced by varying the amount supplied with the rations, 
but the chief controlling factor is probably the concentration of 
bicarbonate in the plasma. It is probable that the concentration 
of calcium tends to vary inversely with that of the bicarbonate. 
The concentrations of phosphatide and inorganic phosphates in the 
plasma are highly variable. Both can be made to vary by changing 
the amount of phosphorus supplied with the rations, though the 
variations induced in this manner show themselves most markedly 
in the inorganic phosphate. Both undergo variations as the 
accompaniment, of increasing age and of (he later stages of preg- 
nancy. The phosphatide of the plasma shows a marked tendency 
to rise during the first month of lactation, and to remain high 
until lactation has ceased. This phenomenon is largely independent 
of the diet, ami is thought to he connected with the fact that near 
the beginning of lactation there is a tendency for the body fat to 
be released from its stores and thrown out into the blood. 

J. C. D. 

Pyrrole and Melacuria. Pietro Saccardi (Atti E. Accad. 
lined, 1919, [v], 28, ii, 85 — 89). — Administration of pyrrole leads 
to the formation of melanin in the urine in the case of the rabbit, 
but not in that of the dog; the latter, being essentially a carnivorous 
animal, appears easily to oxidise those products of the scission of 
proteins which lead to the formation of pyrrole, whereas with 
herbivorous animals the oxidation proceeds only as far as melanogen. 
Melanius have been obtained from rabbits' urine, from cuttle-fish, 
from black hair, from the choroid, and from a melanotic tumour, 
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the properties and reactions of the different products 
described. These melanines all resemble closely pyrrole-black 
obtained by the chemical oxidation of pyrrole; when heated in a 
test-tube, they yield crystalline sublimates in the form of black 
orthorhombic lamellae, whereas precipitation of the melanines gi Te j 
amorphous masses. 

The glandular oxidation of pyrrole in aqueous suspension con. 
taming a few drops of toluene has been studied in vitro at abort 
40°, the glands used being the mamma, liver, testicles, thyroid 
kidneys, and spleen of the ox. The glandular tissue gradually turns 
brown, and assumes the appearance of an ordinary melanotic 
tumour; the most- intense blackening is shown by the liver and 
spleen, the testicles, kidneys, and thyroid following in order. The 
mamma exhibits no blackening after six days, and even undergoes 
putrefaction, in spite of the presence of toluene. Addition of 
adrenaline accelerates the blackening of the glandular organs. 

T. H. P. 

The Physical Theory of the Action of Drugs and Poisons. 

I. Traube ( Bioehem . Zeitsch., 1919, 98, 177 -197). — A theoretical 
paper. The pharmacological action of dnigs and toxins is 
attributed mainly to their physical properties. It is urged that 
more attention ought to be given to the physical side of these prin- 
ciples in the study of chemotherapy. S. S. Z. 

The Biological and Pharmacological Properties oi 
Chlorophyll. Emil Buroi and C. F. vox Tkaczkwski [with 
(Frt..) Scheina Bass, A. Bhauxsteix, and (Far,.) S. Fiudktss] 
(Bioehem. Zeilsch., 1919, 98. 256 — 234). --The hamoglobin-forming 
capacity of chlorophyll was studied in a series of experiments in 
which the latter was administered to rabbits made anaemic by means 
of bleeding and by the action of phcnvlhydrazine. It was found 
that chlorophyll, as well as iron, when given in large doses possessed 
a blood-forming capacity. Both chlorophyll and iron were equally 
effective, whether the experimental anaemia evas induced by bleeding 
or by the administration of phenylhydraziue. Small doses of 
chlorophyll were found to possess a “ sensitising ’ effect on the 
action of iron in the production of blood. S, S. Z. 

Blood-forming Properties of Chlorophyll. R. Grigoris* 
(Bioehem. Zeitsch., 1919, 98. 2S4 — 294). -Chlorophyll in the form 
of pheeophytin possesses a higher blood-forming capacity than iron 
when given to normal or naturally anaemic rabbits. The best 
results are achieved with these animals by the administration of > 
combination of iron ami chlorophyll. 8. S, Z. 

Maximum Production of Glutamine by the Human Body 
as Measured by the Output of Phenylacetylglutamine. 

Carl P. Sherwin, Max Wolf, and William Wolf Bwl. Cheiu-. 
4919, 37, 113 -119).— No marked increase in sulphur metabolism 
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followed the ingestion of phenylacetic acid by man. This does not 
agree with the experimental results of E. and H Salkowski 
working with rabbits (A., 1879, 6G2). Intestinal putrefaction, as 
measured by the excretion of ethereal sulphates, is decreased after 
administration of phenylacetic acid. About half of the acid 
administered was excreted in combination with glutamine. 

J. C. D. 

Comparative Metabolism of certain Aromatic Acids. Ill, 
Fate of p-Nitrophenylacetie Acid in the Organism of Fowl’ 
Dog, and Man. Carl P. Sherwin and Max Helfano (J. Biol, 
lihem ., 1919, 40, 17 — 27). — The human organism eliminated 68 7% 
of the ingested p-nitroplienylacetic acid in the urine in the un- 
changed condition. Attention is drawn to the peculiar fact that 
this acid, although toxic to the body, is exi-reted without having 
been rendered innocuous hy combination with some substance, such 
as glycine, in its passage through the tissues. When administered 
to the dog, the greater part is excreted unchanged, but some is 
found to be present in the urine as p-nitrophenylaceturic acid. Tn 
the case of the fowl, a certain amount of the p-nitrophenylacetic 
acid is excreted unchanged, but the greater part is combined with 
ornithine in the body and excreted as p-nitrophcnyhicetylarnitliimc. 
'"•id, C 21 H,AN„ short, thick, irregular needles, iri. p.. 184 185°. 

J. C. D ’ 

Behaviour of Sudan III in the Animal Organism. B. E. 

Read (7. Biot. Chew.. 1319, 37, 121-135). -Sudan III dissolved 
in oil and administered intraperitoneallv, subcutaneously, or bv 
the mouth is absorbed, and may be traced' in tbe lymph, blood, and 
bile. It is transported to the fatty tissue of 'the body, beinn 
deposited particularly in the omentum. It is excreted in the feces’, 
and is not found in the urine of normal animals. Ordinary com- 
mercial preparations of Sudan TIT contain more or less impurity 
of a toxic nature. The foreign substances are excreted in the 
urine, which is deeply coloured, and may cause death. J. C. D. 


Chemistry of Vegetable Physiology and Agriculture. 


The Catalase of Bacteria. II. Martin Jacoby ( Biochem . 
1 1M8 ’ 92, 12 . 9 - 139 - Compare A.. 1918, i, 517).— The 

■ ,a ena - catalase obtained by the author obeys the same reaction 
aws as catalases already studied. ' S. S. Z. 

Acidity Relationships of True Lactic Acid Bacteria. 

No °Vi ANBEKG K- Vetenxlaysalud. Nobcl-Inst 1919, 5, 

* o- 1--10), The author has investigated the acidity conditions 
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under which various micro-organisms can ferment milk and uini er 
which they can continue to grow. The change in the acidity 0 f 
milk and whey by Streptococcus lactis has been ascertained at Igc 
and 37°, both by titration with Nj 10-sodium hydroxide and by 
Sorensen’s method. At 16°, the P H value in both cases is the same 
4'0, but the titration values are very different. Bctcteriurn 
cases e, in milk and wort at 35° raises the acidity to P H = 3'05. p 
a pure S. lactis culture is placed in milk and allowed to act until 
the maximum acidity is reached, and the acidity is neutralised tv 
alkali, the coccus will again produce acid, but the final concentra- 
tion will be less than before, and this will be continued if the 
process of alternate fermentation and neutralisation is continued 
The final acidity value is reduced by the addition of sodium lactate 
to milk proportionally to the lactate concentration. The acid 
tolerance of S. lactis is determined for sulphuric acid, hydrochloric 
acid, and phosphoric acid, and the same value found in each case, 
namely, / J K = 3*4 at 18°; in the case of B. casei e, the acid toler- 
ance is found to be P H = 3-0 at 35° for hydrochloric acid and 
phosphoric acid. The alkali tolerance of S. lactis at 18° lies at 
P h =8. J. P. S. 

The Surface Action of the Homologues of Hydroquinine 
and their Toxins. I. Traube ( Biochem . Zeitsch., 1919, 98, 
197 — 2051. — The hydrocupreincs and their homologues show a 
parallelism between their disinfecting power against many bacilli 
and cocci, mostly gram-positive organisms, and their surface action. 
An analogy also exists between the susceptibility of bacteria towards 
basic stains and their power of adsorption of hydrocupreines and 
their toxins. S. S. Z. 


Gentian-violet, its Selective Bactericidal Action. M. L 

Crossley (•/. Amer. Chem. Soc.. 1919, 41, 2083 — 2090). — Gentian- 
violet is a mixture of dextrin and dye in almost equal proportions, 
the dye being a mixture consisting chiefly of hexamcthvlpararos- 
aniline hydrochloride and pentamethylpararosaniline hydrochloride 
with small amounts of the tetramethyl compound and lower 


homologues. 

The selective bactericidal action of gentian-violet is no greater 
than that of its component dyes, and gentian-violet has no advan- 
tage over these in selective or differentiating power. Organisms 
which were gentian-positive were also gram-positive, the structure 
of the dye and of the organism being important factors in the 
selective action. The concentration of the dve is an important 
factor in determining its power to kill an organism. Not one of the 
dyes examined was effective for B. mhfilit in dilutions greater than 
1 in 100,000. B. im/coirles was, however, killed by malachite green 
in dilution of 1 in 100,000, bv rnsaniline in dilution of 1 in 200,000. 


and bv gentian-violet, or either of its two principal components, in 
dilution of 1 in 300,000. The basic nitrogen groups appear to he 
the reactive grouns. and their action is intensified by substitution 
of methyl for amino-hydrogen, ^ 
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The Influence of Potassium Salts on the Enzyme of Asper- 
gillus Oryzae which Liquefies Starch. Gen-itsu Kita {Mem. 
Coll. Eng. Kyoto, 1918, 2, 1). — Potassium salts promote the 
property of the enzyme to liquefy starch even when the saccharifi- 
cation is retarded. On the addition of suitable quantities of these 
salts to the mash no blue coloration is obtained with iodine after 
the fermented wort is boiled. This reaction, according to the author, 
is usually present when these salts are not added. The above facts 
are of technical significance. S S Z 

Formation of Acids by Moulds and Yeasts. II. Friedrich 

Boas and Hans Leberle (Bwchem. Zcitsch., 1918, 92, 170 188. 

Compare A., 1919, i, 508).— The formation of acids by Mycoderma, 
Oidkm, and Aspergillus niger in media containing various carbo- 
hydrates and nitrogenous ingredients has been studied. The greater 
part of the acid is formed from the carbohydrate. When, however, 
an ammonium salt of a strong acid forms the source of nitrogen, the 
liberated acid suppresses the formation of acid from the" carbo- 
hydrate. The ammonia formed in the fermentation process from 
the various nitrogenous compounds by means of enzymic action 
greatly influences the formation of acid. This is dependent on the 
character of the organism and the nature of the carbohydrate 
employed. g. g. z 

Natural and Artificial Formation of Glycerol in Alcoholic 
Fermentation. Carl Neuberc. and Elsa Reinfurth ( Biochem . 
Zcitsch., 1918, 92, 234 — 267).. — By employing sodium sulphite as 

fixing agent for the acetaldehyde formed in alcoholic fermenta- 
tion an equivalent amount of glycerol is also formed. More than 
70% of the theoretical amount of acetaldehyde is thus fixed. The 
amount of acetaldehyde and glycerol produced increases with the 
amount of sulphite employed. Acetaldehyde and glycerol are 
therefore not only by-products, but are produced in considerable 
quantities in certain stages of alcoholic fermentation. S. S. Z. 

Autolysis of Yeast in its Dependence on Hydrogen and 
Hydroxyl-ions. K. G. Dernbv {MM. K. Vrtemhapsukad Nobel- 
Inst., 1918, 3, No. 23, 1 — 26). — Oil the basis that enzymes are 
amphoteric electrolytes, the author has examined the autolysis of 
)vast at various temperatures in the presence of electrolytes’ It is 
shown that the simple yeast cell contains enzymes which are capable 
of degrading albuminous substances. These enzymes are analogous 
“ ‘ype those present in specific animal organs. The enzymes 
identified in the paper are (a) yeast pepsin, which degrades albu- 
minous substances to peptones, and has a maximum activity at 
Ik =4 ~ 4 ' 5 ’ W yeast tryptase, which doe3 not attack the yeast 
a imun, but destroys gelatin, casein, Witte-peptone, and similar 
substances, and has a maximum activity at I’„=7'0, (c) yeast 
enptase, which degrades polypeptides to amino-acids and has a 
TTk“ a °tivity at /'„ — 7'8. The autoiysis of yeast is brought 
a out “S' ^bese enzymes and consists in a successive degradation of 
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albumin; it can only proceed when the different enzym es a 
operate simultaneously. The best hydrogen-ion concentration f or 
the process is jP h = 6‘1, which lies between that of yeast trypt. ase 
and yeast pepsin. J. p g 

Extraction and Concentration of the Water-sdny. 
Vitamins from Brewer’s Yeast. Thomas B. Osborne and 

Alfred J. Wakeman (J. Biol. Chtm., 1919 , 40 , 383 — 394).. g- 

precipitation of a dilute acetic acid extract of yeast with alcohol tie 
authors have succeeded in obtaining a fraction which appears to 
contain a very large proportion of the water-soluble accessory 5 u b. 
stance present in the original yeast. The chemical nature of the 
substances in this fraction is not yet determined. J. 0 p 

Examination of the Urease-content of Indigenous Seeds 

I). H. Wester (Chem, We.el.hhui , 1919, 16, 1548 — 1551).— The 
urease content of a large number of seeds was determined. It varied 
from nil or very small amounts up to a considerable quantity in 
the laburnum. Plants of the same natural order differ widely i» 
regard to the urease content of their seeds. In no case did the 
amount of urease approach that found in soja beans or canavalia 
beans, and of these the latter contained approximately ten times 
as much urease as the former. W. J. W. 

Do Seedlings Reduce Nitrates ? J. Davidson (J. Bio!. 
Chem., 1919, 37, 143 — 148). --The author reaches the conclusion 
that growing seedlings do not, as part of their metabolic processes, 
reduce the nitrates in the outside medium in which they are 
growing. J. C. D. 

Complex Iron Salts. I. Oskar Baudisch ( Biochem . Zeitsch , 
1918, 92, 189 — 198). — In mixed aqueous solutions of ferric chloride 
and formaldoxime, phloroglueinol. catechol, or resorcinol exposed to 
the air, tervalent iron is slowly reduced to its bivalent form in the 
presence of dilute hydrochloric acid. Similarly, in admixed solutions 
of ferric chloride and quinol, acetylacetone, acetoacetic ester, sali- 
cylaldehyde, salicylic acid, and catechol-o carboxylic acid, the above 
reduction is only effected after exposure to the rays of a mercury 
quartz lamp or sunlight. Aqueous solutions of ferric chloride and 
dimethylglyoxime, on the other hand, are not reduced even after 
exposure to the light. The chemistry of these observations and their 
bearing on some physiological phenomena of the plant are discussed. 

S. S. 1. 

Presence in Plants of Haematoid Iron Compounds, III. 

G. Gola (Atti 7f. A rend. l.incei, 1919, [v|, 28, ii. 146 — 150). — 
Experiment indicates that the peroxydasic function in plants is due 
in most cases, not only to true enzymes, but also to various iron 
compounds. The latter are probably catabolic products of mt® 
complex compounds, such as the hmmatoids, which largely f»™ 
incrustations on the cellular membranes, and are, in virtue of their 
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physical state, able to act between the oxidisable substances and 
the peroxides. T. II. P. 

Position and Osmotic Pressure. 0. Arrhenius (Medd. 
K. Vetenskapsakad, Nobel-lnst., 1919, 5, No. 15, 1—20).— A dis- 
cussion of the relation between the osmotic pressure of the cell sap 
and the position of plants and trees. By ''position 5 ' is meant, not 
only the geographical position, but also the factors, such as light, 
heat, moisture, winds, composition of the substratum, etc., which 
affect the growth of the plants. X. S. P. 

The Isoelectric Points of the Proteins in certain 
Vegetable Juices. Edwin J, Cohn, Joseph Gross, and Omer 
C, Johnson (./. Gen. Physiol., 1919, 2, 145— 160).— The hydrogen- 
ion concentration of filtered potato juice is approximately lO-'.V. 
The isoelectric point of tuberin, the chief protein of the potato, 
determined by the cataphoresis method, is at a hydrogen-ion con- 
centration slightly lower than 10“hV. At acidities greater than 
the isoelectric point, tuberin exists combined with acid. The iso- 
electric point of the protein in carrot, juice coincided with that of 
tuberin, and the properties of carrot juice and potato juice were 
found to be remarkably similar. 

The protein of the tomato existed in a precipitated form near 
its isoelectric point. Accordingly, it was not present to any extent 
in filtered tomato juice. If, however, the considerable acidity of 
the juice was neutralised, the protein dissolved and was filterable. 
The addition of sufficient acid to make the hydrogen-ion concen- 
tration slightly greater than 10-lV again precipitated the protein 
at- its isoelectric point. J, c. D. 

Fat soluble Vitamine. II, The Fat soluble Vitamine 
Content of Hoots , together with some Observations on 
their Water-soluble Vitamine Content. H. Strenbock and 
E. G. Gross [with M. T. Sell] (J. Biol. Che.m.., 1919, 40, 
c91 531). In the plant kingdom, the occurrence of the fat-soluble 
vitamine cannot always be associated with a preponderance of 
actively functionating cells, as distinguished from those that serve 
primarily as storage organs. Thus the sweet potato is rich in this 
accessory factor, whilst the ordinary potato contains very little j 
similarly, in the case of the roots, carrots contain much of the 
vitamine, but beets and mangels do not. 

In the case of the water-soluble vitamines, the carrot, rutabaga, 
and dasheen contain more than do sugar-beets and mangels. 

J. C. D. 

Reducing Action of Roots of the Graminace® : Reduction 
ot Calcium Nitrate. Land II. Giovanni Sani (Atti B. Accad. 
Uncei, 1919, [ v ], 28, ii, 199—201. 244— 247).— When the roots of 
w ea t, maize, and oats, gathered at the beginning of the flowering 
penod, are pounded in a mortar and then extracted with boiling 
water, liquids are obtained which exert pronounced reducing action 
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on Fehling’s solution. The pulped roots, which have an acid reae 
tion, are also able, in the cold, to reduce calcium nitrate, this 
reduction being inhibited by the presence of alkaline Rochelle salt 
solution. The reduction of calcium nitrate proceeds only to a 
definite limit, and then ceases entirely, the product of the reduction 
apparently acting as a poison towards the reducing agent ; in thg 
plant itself, however, such poisoning action would not occur, utilisa- 
tion of the reduction product preventing its accumulation. The 
nature of this reduction product has not yet been established. 

T. H. p. 

Globulin of the Coconut, Cocos nucifera. I. Prepara- 
tion of Coconut Globulin. Distribution of the Basic 
Nitrogen in Coconut Globulin. Carl O. Johns, A. J. Fisks, 
and C. E. F. Gf.rsdorf ( 7 . Biol. Chew,., 1919, 37, 149— 153). _ 
The globulin contains the following amounts of basic amino-acids: 
cystine, 1-44%; arginine, 15-92% ; histidine, 2 42%; lysine, 5-801 
Tryptophan is present. The free amino-nitrogen was found to 
equal nearly one-half of the lysine nitrogen. J. C. D. 

Globulins of the Jack Bean, Canavalia ensiformis. 

James B. Sumner (7. Biol. Chem., 1919, 37, 137 — 142). — Two 
crystalline globulins and one non-crystalline globulin have been 
isolated from the jack bean. Concamivalin R crystallises in 
needles, slowly soluble in 10% sodium chloride, soluble in excess of 
alkali ; concana calin .4 crystallises in bisphenoid form, insoluble in 
any hut concentrated salt solutions ; canavalin, the uncrystallisable 
globulin, is readily soluble in 1% sodium chloride solution (compare 
Jones and Johns, A., 1917, i, 191). J. C, D 

Examination of the Urease-content of Soja Beans from 
Various Sources. I). H. Wester (Chem. Weekblad , 1919, 16, 
1552— 1556).— Nearly all the varieties examined showed a high 
urease content, and 'this was not diminished by age. The lowest 
enzymic action was found in soja beans from the Cameroons and 
Germany, which raises an interesting question in regard to diminu- 
tion of effectiveness brought about by transferring the plant from 
its original habitat, Asia. W- J. W. 

A Quantitative Relation between Soil and the SoU 
Solution brought out by Freezing point Determinations. 

Bernard A Keen (7. Agric. Sc ,.. 1919, 9. 400 - 415 ) -Bouyoucos 
and his co-workers, by determinations in situ of the freezing-pom 
depression of soil solution, at varying moisture contents, have s own 
that the soil solution in quartz sand and extreme types of sandy sffl 
obeys approximately the same law as dilute solutions, but t a e 
soil solutions of ordinary soils do not obey this law (compare A 
Agric. Sci. , 1914, 6, 456). Bouyoucos assumes that some oi tn 
soil water is rendered unfree in the sense that it does not ta e par 
in the depression of the freezing point. The present author, ac^P 
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ing the truth of this assumption, and using some of Bouyoucos’s 
data, has shown that the water rendered unfree is not a constant 
amount, but varies with the total moisture content. A definite 
relation exists between the free, unfree, and total moisture expressed 
by the equations T n =cM n x and Z n -T^l x / c 1 /* -Y„ where c and * 
are constants for any one soil, and I/ n , T n , and Z n represent respec- 
tively the total, free, and unfree water. Over the experimental 
range the ratio of free to total water continually decreases, and that 
of unfree to total water continually increases as the total moisture 
diminishes in amount. The constant c contains an unknown factor, 
namely, the quantity of free water at the highest amount of total 
water used in the experiments, and according to the value arbi- 
trarily assigned to it so the amount of unfree water may continually 
decrease with decrease of total moisture over the experimental 
range or may increase to a maximum and then decrease. The same 
general conclusions on the relations existing between the soil and its 
moisture constant as were drawn from the author's experiments 
(compare loc. cit.) on the evaporation of water from soil, again 
follow. \Y. G. 

Soil Acidity, the Resultant of Chemical Phenomena. 

H. A. Noyes (/. lnd. Eng. Chem., 1919, 11, 1040— 1049).— Chemi- 
cal reactions are held to be the cause of soil acidity. The presence 
of free hydrogen ions in the soil extract is considered to be due to 
hydrolysis. As regards the action of organic matter, physicochemi- 
cal explanations of the hydrolysis of silicates and of organic matter 
and the ability of organic matter to form complex ions with bases 
are more satisfactory than are “ adsorption ” theories. The reaction 
of a soil at any time depends on the nature of its constituents and 
the proportions in which they are present with water. Change in 
the water content, removal of substances from solution, and the 
addition of other substances, all alter the reaction of the soil in 
accord with the law of mass action. \y p g 

The Richness in Copper of Cultivated Soils. L. Maquexne 
and E. Demoussy (Compt. rend., 1919, 169, 937 — 942).— The 
authors have not estimated the total copper, but the amount which 
is dissolved when 6 grams of the soil are boiled very gently for half 
au hour with 50 c.c. of 10% sulphuric acid. Arable soils contain 
very little copper, the amount varying, in the soils examined, from 
1 to 50 mg. per kilogram of soil, but in the case where, the high 
agure was obtained the soil had carried crops which had frequently 
iee.il treated with copper sulphate. In the case of vineyard soils, 
it was known that the vines had been treated with copper 
su plate over a long period of years, the copper content rose to as 
'gn as 250 mg. per kilo, of soil. The copper was almost entirely 
°una in the surface layer of the soil, the penetration being 
e-uremely slow. Despite the high copper content of some of these 
1 a, there was no indication of any toxic effect on the vines. 

W. G. 
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The Amount and Composition o£ Rain Falling at Rothatn 
sted (Based on Analyses made by the late Norman jj j 
Miller). E. J. Russell and E. H. Richards (/. Agric. Hci ijjml 
9 , 309 — 337).— A summary of the results of analyses of Rotham 
sted rain water made by the late N. H. J. Miller from 1888 to 
1916. The rain water contained, on an average, 0'40S part p ei 
million of ammouiaeal nitrogen, 0'204 part per million of m-o 
nitrogen, 2 43 parts per million of chlorine, and 10 parts per million 
of dissolved oxygen. Both the yearly and monthly fluctuations of 
ammouiaeal nitrogen move in the same direction as the rainfall, fR 
general level being highest in May, June, July, and August, ail( ) 
lowest in January, February, March, and April. Up to 1910 the 
nitric nitrogen fluctuated in amount year by year and moutli bv 
month in the same way as the ammouiaeal nitrogen, but since that 
date there has been no simple relationship. The fluctuations of the 
chlorine content of the rain closely follow the rainfall, but the 
general level is much higher during the mouths September to April 
than during the summer months. 

The sources of ammonia in the rain are given as the sea, the 
soil, and city pollution ; the soil is indicated as an importaut source 
by the fact that the ammonia content is high during periods of high 
biochemical activity in the soil, and low during periods of low bio- 
chemical activity. Further, the close relationship between the 
amounts of ammouiaeal and nitric nitrogen suggests either i 
common origin or the production of nitric compounds from am- 
monia. It seems probable that the chlorine comes from the sea. 
but some may come from fuel. 

During the period under examination there has been a rise in the 
amounts of nitric nitrogen and of chlorine in the rain, and a tend- 
ency for the ammonia content to drop. It is suggested, as a possible 
explanation, that some former source of ammonia is now producing 
nitric nitrogen; it is possible that modern gas-burners ami 
grates tend to the formation of oxides of nitrogen rather than 
ammonia. 

There is a marked difference in composition between summer and 
winter rain water, which suggests that these may differ in origin. 
The winter rain resembles Atlantic rain in its high chlorine and low 
ammonia and nitrate content ; the summer rain is characterised by 
low chlorine but high ammonia and nitrate content, and it is sug- 
gested that it may arise by evaporation of water from the soil and 
condensation at higher altitudes than in the case of winter rain. 

W. G. 
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The Constitution of the Atom and the Properties of 
Band Spectra. H. Deslandres ( Compt . rend, 1919 169 

1365-1371. Compare A., 1919, ii, 206, 310, 441, 486 ) -Furthe^ 
evidence is given in support of the views previously published doe 
cit). The author emphasises the fact that the formula given 1A ' 
1919, n, 206 310) is only a first approximation, and offers some 
explanation ol the divergencies found in certain cases. W G 


Intensity Relations in the Spectrum oi Helium T R 

Merton and J. W. Nicholson {Phil. Trans., 1919, A 220 
137— 173).— The spectrum of helium has been examined by photo- 
graphing the radiation in front of an aluminium cathode in a tube 
containing helium of such a pressure that the thickness of the dark 
space was about 1 mm. A uumber of experimeuts were made with 
mixtures of helium and other gases, particularly hydrogen. The 
most striking phenomenon observed relates to the difference in 
behaviour between the series of helium and parhelium, for, in the 
former, lines belonging to a series maintain a practically constant 
intensity ratio at every point, whilst in the latter the relative 
intensity of any two lines of the same series varies with the distance 
from the cathode. In the case of lines belonging to the principal 
series, the seat of maximum emission is closer to the cathode and 
falls away with increasing distance from this point more rapidly 
than in the case of lines belonging to associated series. The diffuse 
senes appear to preserve the most uniform intensity over a wide 
range of conditions. J F S 


Spectrum of Neon. F. Paschen (Ann. Physik, 1919, [iyl, 
60, 405— 453).— An account is given of a very complete cxamina- 
ion of the spectrum of neon from \9840'42 to ,\ 2550’o5. A long 
table is given of the wave-lengths, intensities, and the spectrum 
combination of each line. The regularities between the h'nes of the 
principal and subsidiary series are investigated and discussed. 

J. F. S. 

Emission Spectra and the Chemical Reactions taking 
Place in the Source oi Radiation. Angel del Cajipo (Anal 
ts. Qum., 1919, 17, 247 — 270). — Attention is directed to slight 
jariations in the spectrum of the same element as described °by 
erent observers. The author regards these as being due to 
emieal reactions, notably oxidation and reduction, occurring 
11 in the radiant arc. These reactions may be localised, according 
0 Circumstances, in the immediate neighbourhood of the electrodes 
r m the middle of the arc itself, thus giving rise to a " polar 
ec in the photograph. This is illustrated in the case of the 
v °6. OXVIII. ii. 3 
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silica spectrum, which shows variations as different sections of the 
arc between the carbon electrodes are examined. ine view is 
expressed that the variations are due to the presence or absence of % 
reduction product, the suboxide SiO. A similar phenomenon is 
observed with magnesium, and is attributed to the suboxide Mg,0. 
In studying the spectra of various specimens of aragonite, three 
new lines, 2554 6, 2563'S, and 2565'0 A.U., were observed. These 
were given by all samples of naturally occurring calcium carbonate 
examined, but not by pure hydroxide. In. both cases the oxide 
formed is reduced to metal ill contact with the carbon. This ig 
immediately re-oxidised in the arc, but in the former case .the pro 
tective action of the carbon dioxide liberated at the same time 
ensures the persistence of the metallic vapour for a longer time and 
range, so that the radiation from the metal is rendered perceptible. 
Further experiments confirmed the view that the lines in question 
belong to the calcium spectrum, and are not due to impurities in the 
substances examined. W- S. M. 


The Emission of Positive Luminous Particles at High 
Temperatures by the Alkali MetalB. G. A. Hbmsaiech 
(Compl. rend., 1920, 170, 44— 47).— Using the graphite plate with 
a layer of carborundum, the plate being electrically heated as 
previously described (compare this vol., ii, 1, 2), it is shown that if 
the plate is first covered with a thin layer of the chloride, carbon- 
ate or oxide of one of the alkali metals, and this, in turn, 
covered with carborundum, positively electrified particles are 
emitted at varying temperatures. All the elements in the alkali 
group emit positive particles, and for a given temperature the exten- 
sion and development of the luminous trajectories vary directly 
with the atomic weights, and in consequence the critical tempera- 
ture or temperature at which the phenomenon is apparent, vanes 
inversely with the atomic weight. For lithium the critical tempera- 
ture is 2700°, and for caesium 1900°. Two hypotheses are put 
forward to explain this phenomenon, but further work is necessary 
before a definite explanation can be given. " ■ 


fTha Emission of Positive Luminous Particles at High 
Temperatures by the Alkali Metals.] A. ns Grahont (Comp 

rend. 1920 170, 47) —The author states that Hemsalech used 
monochromatic, optical pyrometer for the temperature measure- 
ments in his work (preceding abstract). The , instrument a a » 
brated and corrected up to 2500°, above which temperature ext 
polation was necessary. At 2700° the temperature readipgM" 
accurate to ±50°. 


The Direct Arc Spectra of Metals with Moderately High 
Melting Points. \.viGtuxo}iT (Compt. rend., 192°, 170,31 ^ ^ 
A comparison of the direct arc spectra with the spark P ^ 

the carbon arc spectra in the case of the *ine a s zin , ^ 

tin, lead, antimony, bismuth, magnesium, and a um1 ^ 111 Tl ^ in 
photographic device employed, the three spectra we 
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successive coincidence, thus permitting of a direct comparison of 
{jie rays. By this means, it has been possible to detect in the 
direct ray spectra on the one hand certain rays of the spark 
spectra, considered by Lockyer as strengthened, and which occur 
in the direct spectra with a marked intensity, and on the other 
certain rays of the spark spectra, also classed as strengthened, 
but which are only fugitive in the direct arc spectra. The latter 
group of rays appears at the positive pole at the moment of striking 
the arc. They can most easily be seen by alternately making and 
breaking the arc. The detailed results are given for each of the 
metals, and the general conclusions to be drawn are that the arc 
spectra must not be considered as invariable and always identical. 
They are subject to considerable variations, not only in the intensi- 
ties of certain rays, but also in the appearance of the rays, these 
variations being closely connected with the intensity of the current 
producing the arc. W. G. 

New Lines in the Arc Spectrum o! Silver between 
\ 4600 and X 2300. M. A. Catalan (Anal. Fis, Qnlm., 
1917, 15, 483 — 486).— Measurements of eighty new lines were 
made with wave-lengths corresponding with similar lines in the 
spark spectrum described by Exuer and Haschek (“Tabellen der 
Funkenlinien,” 1902). W. S. M. 

New Lines in the Arc Spectrum in Air of Iron between 

2300 and 1980 A.U. S. Pina de Rubies (Anal. Fis. Quim., 
1917, 15, 434 — 444). — Measurements of more than 288 new lines 
iu the arc spectrum of iron are given, extending the spectrum from 
2300 A.U. to 1994 A.U. W. S. M. 

New Lines in the Arc Spectra oi Nickel and Cobalt 
between 2300 and 2000 A.U, S. Pina de Rubies (Anal. Fis. 
Quim., 1918, 16, 338 — 350). — A total of 66 new lines for nickel 
and 165 for cobalt in the given range was measured. XV. S. M. 

Photochemistry of Thallous Chloride, Carl Renz (Htb. 
Vhim. Acta, 1919, 2, 704 — 717). — The action of light on thallous 
chloride has been investigated; the action was carried out with 
the dry substance and with thallous chloride under water, hydro- 
chloric acid, ammonia, ethylamine, ethyl alcohol, glycerol, toluene, 
xylene, and pyridine. Ill all cases, a darkening occurs, which 
passes through the shades greyish brown, dark greyish-brown, and 
blackish-brown. The change is due to the formation of a photo- 
thallous chloride aud thallous-thallic chloride. Hydrochloric acid, 
even in traces, retards the formation of the photo-chloride, and, 
alter prolonged illumination, various yellow, double thallous-thallic 
chlorides are formed. Nitric acid and sulphuric acid have a similar 
retarding action on the formation of the photo-chloride. Ammonia, 
ethylamine, and the above-named organic substances act as sensi- 
risers in the reaction, and many inorganic salts have a photo 

3—2 
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catalytic action. The sensitiveness of thallous chloride to ^ light 
depends on its method of formation. Thallous chloride precipitated 
bv metal chlorides is more sensitive than that precipitated with 
hydrochloric acid, even though the acid has been thoroughly 


washed out. 


J. F. S. 


Diffusion of Radium Emanation in Water. Eva Ramsteot 
(Medd. K. Petenskapmkud. Nobel-Inst., 1919, 5, No. 5, 1—14).— 
The velocity of diffusion of radium emanation in water at 14° has 
been determined by means of an apparatus containing a number of 
metal plates immersed in water. The coefficient of diffusion is 
found to be 0'820 cm. per day, a value which is of the same 
dimensions (0-985 at 18°) as that recently found by Rona^A,. 
1917, ii, 286). Calculating from this value, the product DJm is 
found to he 12-2, aud the molecular diameter of radium emanation 

l-85xl0- 8 cm. J. P. S. 

Ionisation Potential of Helium. J. Franck and P. Kjjippew 
(Physical. Zeitsch., 1919, 20, 481— 488) .—Using as source of 
electrons a glowing wire in helium of pressure l'o mm., the reson- 
auce potential is found to have the value 20-5 + 0-25 volts and from 
this value the ionisation potential is calculated to 25-3±0'2o volts, 
Experimentally, the ionisation potential of helium is found to be 
25'4±0*25 volts, and the resonance potential has the same value 
as before The potential necessary for the removal of both 
electrons from the helium atom is also determined, and the value 
79-5 + 0-3 volts obtained. The present results are m agreement 
with those of Horton aud Davies (A. 1919, n, 210) and indicate 
that the helium atom is much less stable, than is indicated by the 
atomic model of Bohr and Unde. “ - * 1 

Conductivity. VI. Behaviour of Mixtures of Two Salts 
containing a Common Ion in Anhydrous Formic Acid 
Solution. H. I. Scitlesin’ger and P. H. Ref.d (J. Amer Ohm hue, 
1919 41 1921—1934. Compare A.. 1919, n, 91). The con- 
ductivity ’of potassium formate in anhydrous “id solution 

has been determined at 25° over the range 0-120(5-0 i 
The degree of ionisation and the ionisation constant are caicu 
in each case, and the latter constant has the value 1 090 Sm 
measurements were also made for sodium formate ^ Jdg 
formate; these salts have ionisation constants 0 810 > 
respectively. Conductivity measurements «ere also ma^ ^ 
mixed solutions of sodium and potassium for mates, ^ 

potassium formates, strontium ami po . s , • acid and 

strontium and calcium formates, all in anhydrou f «™ lc a “ t , th( 
at 25°. A method of calculating from the ionisation con ^ ^ 
degree of ionisation of each of two salts containing ^ 
when the two salts are both present in * 
for the case in which both salts obey the law of ^ as 

is found that in mixtures of sodium and potassiun 
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wdl as °f litMum and potassium formates, the mass law is obeyed 
by both of the highly ionised salts present. On the other H 
so u ions of mixtures containing, as one or as both of the safe’ 
alkaline earth ormates do not conform to the law, although h^e 
urn-bivalent salts when m solution alone seem to follow the kw 
over a certain range of concentration. This aonears to “t ? 
quite certain that whenever the agreement of the sal^wTthHb* 
law is an accidental one, solutions of mixture! ccntat n uch a 
salt will not obey the law. Hence it niav be definite S ? j j 
that the agreement between the behaviour of the alkali “ 
ormates in anhydrous formic acid solution, and the demands o 
the mass aw is a real and not an accidental one. When the tota 
concentration o mixed solutions becomes relatively great, deviation 
from the mass law occurs also in the solutions which contain un” 
umvalent formates It has been found that this deviation begins 
when the concentration of the non-ionised molecules of one of the 
salts reaches the same value as that at which deviation begins in 
the solution of that salt by itself. This seems to be independent 
of the concentration of the other molecular species present and to 
indicate that in concentrated solutions it is the non-ionised mole- 
cules and not the ions, which cause deviation from the mass law 
or at least the non-ionised molecules cause deviation at lower 
concentrations than do the ions. j -p g 

Conductivity VII Transference Numbers of the 
Formates of Sodium, Potassium, and Calcium in Anhy 
drous Formic Add. H. I. Schi.bs.sgb and E. N. Bust, so (J 

Th r 1M9 4 41 - ’f 34 - 1945 - Compare preceding 
abstract) . The transport numbers of solutions of sodium 

potassium, and calcium formate in anhydrous formic acid have 
been determined by the usual method at 25° for a number of con- 
centrations between 0-0M and 0-4.Y. The ionic conductivity of 
the formate ion is calculated to be 51 a. that of sodium ion 14'6 
and potassium 17 5. The transport number of the potassium ion 
changes with concentration. This is tentatively explained on the 
assumption that the ion ,s solvated, and a method for calculating 

The wit! of f.° V , atl ,°" frc ™ , the transport numbers is suggested! 

e lesults indicate that, if the assumplions made in the calcula- 
tion are correct, each potassium ion is combined with from six to 
eig molecules of formic acid. The transport numbers obtained 
” m , formatR . d ° not. substantiate the view that calcium 
. , e ln , rmic acid solution ionises either entirely as a uni- 
iivalent salt or entirely as a uni-bivalent salt. It is therefore 
possible that both methods of ionisation occur. J. ]?. g. 

Electric Conductivity of Weakly Ionised Neutral Salts. 

Ko (M er M- /£■ Vcn tawhipmkad. X oh el -Inst ., 1918, 3, 

i 4 1 equivalent conductivity of potassium antimony! 

tn V?iri<fi ld cu P r ’ c aoet-ate has been determined over the range Nl 4 
monv] ft a * ' te “P eratl | re8 0- 65°. In the case of potassium anti- 
y tartrate the equivalent conductivity increases from 614 at 
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d - 4 to 134 5 at (7=1024 at 25°; the more concentrated solutions 
(up to 71732) at all temperatures follow the Ostwald dilution law 
but beyond this point the conductivity increases more rapidly than 
is demanded by any of the formulae for the extrapolation of the 
infinity value. There is no evidence that potassium antimony] 
tartrate ionises as the potassium salt of antimonyl tartaric acid, 
and it is also shown that the salt is not greatly hydrolysed in any 0 f 
the solutions examined. In the case of cupric acetate the equivalent 
conductivity at 25° increases from 10‘8 in Absolutions to 75’3 in 
A71024 solutions, which indicates considerable hydrolysis. The 
equivalent conductivity at infinite dilution has been obtained by 
extrapolation, and the following values found : potassium antimonyl 
tartrate, 0°, A- /; . = 76 ; 25°, = 154 50°, A x , = 260 ; 65°, \ x — 

308, copper acetate, 25°, A^, = 90. J. F. S. 

Relation between the Electrical Phenomenon in Cloud 
like, Condensed, Odorous Water Vapours and Smell 
intensity. H. Zwaardemaker and H. Zeehuisen (Proc. K. Ahi. 
Wetemsch. Amsterdam, 1919 , 22, 175— 178).— Odorous organic sub- 
stances in dilute aqueous solution when sprayed yield electric 
charges. It is found on diluting these solutions to such an extent 
that the electrical phenomena are only just appreciable that the 
odour is also just appreciable. It is suggested that both these 
properties depend in a complicated way on (a) the volatility of the 
substances, and (6) the lowering of the surface tension of the 
solvent (compare A., 1918, ii, 351). J. F. S, 

Dielectric Constants considered in Connexion with the 
Theory of Dipolar Molecules. Oskar Klein (Medd. K. 
Vetenskapsakad. Xobel-Inst., 1918, 3, No. 24, 1—48).— The dielec- 
tric constants have been determined for a number of solutions in 
organic liquids by means of a resonance method. The solutions 
examined consisted of (1) methyl alcohol, ethyl alcohol, propyl 
alcohol, butyl alcohol, amyl alcohol, allyl alcohol, benzyl alcohol, 
acetone and methyl ethyl ketone in benzene ; (2) ethyl alcohol, 
butyl alcohol, and benzyl alcohol in chloroform. It is shown that 
the resonance method, which is the method used technically lor 
measuring capacity, is well suited to the measurement of dielectric 
constants. Solutions of the alcohols in benzene or chloroform of the 
same normality have the same dielectric constant. Thus iV-solutious 
of alcohols in benzene have a dielectric constant 2'G3, in chloroform 
solution 5 68. Acetone and methyl ethyl ketone have the same 
value in benzene solution, namely, 3’09. J. J . Thomson’s rule that 
related substances have the same value for (s-l)TI/ holds absolutely 
for mixtures of the alcohols and water. Some measurements 0 
Pohrt on the dielectric constants of gases are examined, and pel 
the temperature-coefficient which is demanded by the dipolar theory 
The formula of Debye (e-l)/(s + 2) . v = A/T + B is changed to e 
form (e - l)(z> - 5) - A / T, in which for substances which belong 
single group the relationship A M — 7. obtains ) L is a constan p 
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portional to the square of the molecular moment, and M is the 
molecular weight. These formula combine the above-named rules 
and are m keeping with the dipolar theory. The constant L has 
been calculated from several of the experiments, and the values for 
alcohol (67,000) and acetone (180,000) obtained. The formula 
( 8 -1)=4 /J’(i> b) is applied to the dependence of the dielectric 
constant on temperature in the case of water, and found to be in 
keeping with tacts. the formula Ii = L/T = M(v~ h)( e in , 
j./lHSfej- boidsfor infinitely dilute solutions, and together 
with ('-l)=AI(v-b)T furnishes an exact method for calculating 
the constants K and b. The approximate formula K^ul 171 + 
/.(, -1)] is deduced from the above, and allows the determination 
of E from a knowledge of the dielectric constant of solutions of the 
substances concerned. J F 8 

Dielectric Constanta of Typical Aliphatic and Aromatic 
Hydrocarbons, cycfoHexane, c+,Hexanone, and cyclc- 
Hexanol. Theodore W. Richards and J, W. Shipley (J Amer 
**«?■ 41, 2002 2012). The dieted Ztants oT a 

number of hydrocarbons have been determined at 20°, except in the 
case of cydohexanol, which was determined at 25° by a modified 
Nernst type of apparatus. The percentage error of the method was 
much decreased by the use of larger suitably balanced condenser 
troughs. The following values have been obtained as the mean of 
several concordant measurements: hexane, F876; heptane 1 973 - 
octane, 1'962; «.-nonane, 1'967 ; 5 met.hvloctane, T967- fi-methyl- 
octane, 1%7 J^^dime thy lhep tone, 1987; /JS-dimethvlheptane, 
1-89 i ^-dimethylheptane, 1-89; decane, 1-956; xylene (com- 
mercial), 2-375; m-xylene, 2-377 ; ethylbenzene, 2-482; n-propyl- 
benzene, 2 ’364; cumene, 2400; mesitylene, 2-356; terf.-butyl- 
benzene, 2 384; cyc/ohexane, 2-055; ryc/ohexanone, 18 2 ; and cyclo- 
hexanol, 15 0. The present results are in moderate agreement with 
the values of previous observers, although in many cases no previous 
measurement is on record. J F S 

Relation between the Specific Inductive Capacity of an 
Electrolyte and the Electric Potential of a Metal placed 

^ UlBE , Y &».. 1919, 12, 47 — 58). — Attention 

is called to the inadequacy of the Nernst theory of the mechanism 
ot gaivamc current production. This theory omits an essential 
Zf’ U ? me 3pe ? lSc lnductive opacity of the electrolyte, and 
^ p ys uo hypothetical quantities, metal solution pressure and 
, 0 l ° f re ® sure of the ions. Transfer of ions between metal and 
electrolyte is probably brought about by electrical forces, the 
magnitude of which depends on the specific inductive capacity of 
e medium. The potential difference between electrodes of the 
ame kind in a two-solution cell was measured for several different 
percentage mixtures of two liquids for four different cases, and in 
c case was shown to be strictly proportional to the difference in 
„ i Speci “° ln ductive capacity of the two solutions. The following 
, eras were measured : (a) ethyl alcohol-water (solution of cupric 
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chloride), with copper electrodes (electrode in the aqueo ni 
solution electronegative) ; ( b ) ethyl alcohol-water, with calom e ]' 
electrodes (electrode in the water electropositive) ; (c) acetone- 
water, with calomel electrodes (electrode in the water 
electropositive) ; (d) methyl alcohol-water, with calomel elec- 
trodes (electrode in the water electropositive) ; and (e) solution 
of carbamide-water, with platinum electrodes (electrode in the 
water electropositive). In two cases investigated with copper elec- 
trodes, one with platinum electrodes, and six with calomel 
electrodes, the direction of the E.M.F. of the cell is j r , 
accordance with the theory that the loss of ions from an electrode 
is dependent on the specific inductive capacity of the electrolyte 
rather than on the concentration of those ions in the electrolyte 
and a solution tension of the electrode. Results obtained further 
substantiate the theory that the more electropositive metals have 
the higher specific inductive capacities. Chemical Abstracts, 


Changes of Potential in an Oxidising Agent by Ultra, 
violet Light. Tobsteh Swensson ( Arhiv . Kem. Min. Geol, 19U, 
6, No. 12, 1—32).— The effect of ultra-violet light on the potential 
of solutions of potassium dichromate in sulphuric acid has been 
examined. The source of light employed was a quartz mercury 
lamp, and the solutions were maintained at 18° during illumina- 
tion. ' The platinum electrode used in the measurements was bright, 
since it was found that the same value was obtained with both 


bright and platinised electrodes, but the former reached equili- 
brium more rapidly. It is shown that during the illumination with 
ultra-violet light of a solution of potassium dichromate and sul- 
phuric acid, and also during the illumination of either sulphuric 
acid, potassium dichromate, or chromic acid alone, a change in 
potential occurs. To achieve this result it is not necessary to illu- 
minate the platinum electrode. In the case of dichromate and 
sulphuric acid a speedy increase in the potential occurs; whilst when 
sulphuric acid and dichromate are illuminated separately a decrease 
in potential occurs. The potential is also decreased for pure 
chromic acid, and consequently it is shown that the positive elect 
does not depend on the liberation of this acid on the addition oi 
sulphuric acid to the dichroniate. The speedy change in E.M.F. 
is caused by the ultra-violet rays, and is not observed when the 
action takes place in glass vessels. Both the increase and decrease 
of E.M.F. are of a photochemical nature. Over the range examined 
the potential change is independent of dilution. The change of 
potential is in a high degree dependent on the composition of the 
solution, and shows a maximum at about T5_ mol. % potassium 
dichromate. The decrease in E.M.F. after the interruption ot e 
illumination takes place gradually. It is also dependent on the com 
position, and is most rapid for pure sulphuric acid. It is further 
greatly dependent on the temperature, and after a moments onng 
the potential becomes normal again. Solutions which have. ee “ 
illuminated, but have returned to their original potential, show 0 
renewed illumination changes in the velocity of the po en i 
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increase and the maximum value. On very bright illumination a 
rapid increase in E.il.f was observed, which, on interruption of 
(be light, sank very quickly. In this case the illumination of the 
electrode is essential. J F S 

Polarisation Tensions of Iron in Solutions of its Complex 
Salts. Relations between these Tensions and the Dis- 
simulation of Analytical Characters of Ferric Ions. K R 

Dear and G. Urbain ( Com.pt . rend., 1919 169 1395 1397) — 

The electrolytic cell consists of two half elements joined by a solu- 
tion of potassium chloride. One half element consists of a metallic 
electrode in a solution of one of its salts, and the other is an elec- 
trode of mercury in a solution of calomel and potassium chloride 
The pdansat' 0 " tens'on is defined as the difference between the 
IM.t of the whole cell and the corresponding value as found in 
Auerbachs results (compare A., 1912, ii, 123) for the half element 
containing the mercury electrode. This tension should depend on 
the number of free metallic ions in the solution the tension 
dimmishmg as the number of ions increases. These measurements 
should, therefore, in the case ot complex salts, give an indication 
as to how far the metallic constituent of the complex ion is dissimu- 
lated. the results obtained with simple and complex iron salts are 
in agreement with those obtained by Pascal (A., 1909 ii 487) as 
to their molecular magnetic susceptibilities. yy q 

Hydrogen Overvoltage. II. Applications of its Variation 
with Pressure to Reduction, Metal Solution, and Deposition 

?, A ;£ AcI ^ NE „ S 4 ” d A - W - Contjehi (.7. Amtr. Chem, Soc., 1919, 
41 2013-2019 Compare A., 1919. ii, 131).-The increase of 
hydrogen over-voltage with diminished pressure is shown to follow 
m a nearly quantitative manner, from the theory of Maclnnes and 
Adler (foe. at.). The effect of a change in the gaseous pressure on 
several chemical processes involving the evolution of hydrogen has 
been studied. The changes m rates of reaction and in reaction 
efficiencies were found m each case to be in the directions which 
Mlow from the change of hydrogen over-voltage with pressure; 
mat is a decrease of gaseous pressure produces (a) a decrease in the 
ate of solution of metals in electrolytes, (b) au increase in the 
tticiency of reductions by metals, and (c) an increased efficiency of 
“n de P°sition. The theory explaining the fluctuation of over- 
oltage accompanying the evolution of a single bubble of hydrogen 
om a platinum electrode is discussed. J, g 

Determiaati 011 of the Hydrogen Exponent. J. Piskhof 

ie h!d ] L eekblad ’ , 19 } 9 ’ 16 > 1168— 1173).— If, in Poggendorff's 
normal electrode is replaced by an electrode which 
oes not differ in potential from that of the hydrogen electrode, 
he n l i 6 . COD *P oslho11 of the hquid is known and its relation to 
io,. 1 the potential of the hydrogen electrode, and there- 

hydrogen exponent, can be determined. The results 
6 w ™ a silver electrode in a solution of silver cyanide in 

3 * 
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excess of potassium cyanide were not accurate. An electrode of 
cadmium amalgam in solutions of cadmium salt of various co a — 
trations was found to be suitable. A simple apparatus for th e 
determination is described. W. J. yy 

Applicability oi the Gas Laws to the Strong Electrolytes 

,T. N. Bronsted ( Medd . K. Vetenskapsakad. Nobel-Inst 1919 5 ' 
No. 25, 1 — 19). — A npmber of solubility and E.M.F. measurement’ 
have been carried out with the object of testing the hypothesis 
“The gas laws hold for ions or salts when other salt solutions are 
employed as solvents, the concentration of the latter being 
when compared with the concentration of the dissolved salt.” Th 6 
E.M.F. of cadmium | cadmium sulphate in magnesium sulphate 
solution has been measured. The element is made up: 

Cd ! CdSOjcMol. j CdS0 4 c t Mol. j Cd 
(anmlgam3'l%) MgS0 4 (2 - c) mol. | MgS0 4 (2 - c,) mol. j (ainalga m 3 dojj 
The value of c and c, varied between 01. V and 1/64017, and tbs 
temperature was 20° and 39'4°. The potentials obtained are 
compared with those demanded by the gas laws, and an excellent 
agreement found. The solubility of dinitrotetra-amminecohalt 
nitrate, both a and 8 varieties, has been determined at 0 ° and 20 ° 
in water, and in solutions of various concentrations of potassium 
formate, thiocyanate, hydroxide, and nitrate, nitric acid, sodium 
oxalate, and sodium nitrate. The values obtained are in keeping 
with the demands of the gas laws. J. F. S, 

The Electroaffinity o! Aluminium. I. The Ionisation 
and Hydrolysis of Aluminium Chloride. II. The 

Aluminium Electrode. Jaroslav Heyrovsk<: (T., 1920, 117, 
11—26, 27—36). 

Occlusion of Hydrogen and Oxygen by Metal Electrodes. 

Edgar Nbwbery (.7. Amer. Chem. Soc., 1919, 41, 1887—1893, 
1895 — 1898); Earle A. Harding and Donald P. Smith (ibid., 
1892 — 1894, 1897 — 1898). — Polemical. In the first paper Newbery 
gives a theoretical discussion of the paper put forward by Hardin; 
and Smith (A., 1918, ii, 424), and a criticism of the theory put 
forward as to the condition of the occluded hydrogen in palladium. 
The following papers contain replies and counter-replies by Hardin; 
and Smith, and Newbery. J. F. ° 

Electro- and Thermo-chemical Investigation of the Cell 
Cu or Cu Amalgam | CuS0 4 -HgiS0 4 | Hg. D- W. Ohol 
(Medd. K. Vetenskapsakad. Nobel-Inst., 1919, 5, No. 4, 1—21 
— The E.M.F. of the elements Cu|.Y-CuS0 4 ,Hg 2 S0 4 (sat.)IHg am 
Cu(12% amalgam) |Y-CuS0 4 ,Ilg..S0 4 (sat.)|Hg have been measure 
at 10 °, 15°, 17°, 20 °, 25°, and 30° daily for a period of two mentis 
The copper amalgam cells are fairly constant and easily repre 
ducible, and the variation of the E.M.F. with temperature 1 
represented by the formula 

= 6-35030 - 0 00064(t - 20) - 0 0000025(7 - 20) z . 

The cells with a copper electrode had a slightly higher (0"004 
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volt) E.M.F. than the amalgam cells »nrl . 

constant. J, =0-3542 and dljdT= -0-00072 volt' ' 1 ° S< ? 

energy of the copper cell is calculated and 11 , ' , Th ® chem ‘cal 

cal. obtained. The quantity Q 7 1 " * v ?“ e 6 = 24,860 
quantities, q v ij 2 , and ?3 , ?1 being the heat eba ade U P of three 
atom of copper is withdrawn froi/the amalgam ^th* 1 gram ' 
the heat of formation of copper and ’ ? 3 w difference m 

heat change accompanying the withdrawal J SU , ptafc e, and ?3 the 

.»■ b, a. ...1, UV,„ P ;™,,S a. .*■ 

“ ** *«■: \-iwS. ,x^“s? 

it «srs 

employed, but with low current den-lt- w. current density is 
potassium dichromate is present it readilv^a * rem . a ^ ns ac ^ ve i if 
dition in all circumstances. The passive 3 stated* * d* P fTu C ™' 
increased drop in potential, a decreased current bv th^^r 7 a “ 
oxygen, and by the failure of the cobalt to’ nL f ° f 

The potential measurements of a cobalt-platinum nt ^i, S0 lut ! 011 ' 
electrolytes, and a comparison wifh • 5 ce W1 ^ vari °us 

nickel, Lw that ™ 

the , celL TheWtS^iSS 

ring I hMcS: po j. pntial of -bait as 

therefore be classM *$£ the pai™ ^ may 
the characteristics of iron and iiickel when th 511106 ex . hlblfcs all 
essential difference between cobalt and the nth ^ ^ - passive - 
in the fact that cobalt wh„„ u d the ° ther passlve “etels lies 
passive at the low cu rent lensit “ an a "°^' wi ” not 
If cohalt has* once aJumeV tb 3 nickel and iron, 

so. even though the current demi'fv S - S1Ve , Condltlo “’ ifc w ‘ll remain 
the anodic relation cobalt 1 ^ ls reduced. In the absence of 

readily than nickel eC ° mes 3Ct,Ve “ acid solutio11 more 

rsszsrs&sr |i s x , 

hvpothesis TtT^-, Str ° n ^ electr °ly te3 into with the ionic 
interionic 'forees on the C °f% ent f defined as th e effect of the 
«** ient as th e infWu ° f the ,on9 ' tte ™du,ctivity 

tlnctivity and the , Ce °b t ! le llltenonic forces on the con- 
ionic forces “n < C ° e/f!nent as ihe influence of the inter- 

th ese and other^similT* 10 P i easu f ' Vanous relationships between 
6r SImilar coefficients are evolved mathematically. 

J F S 

} I C B 0 Rw P E R r ^ F f| ctpol y sis of V ”|ous Alkali Chlorides. 

dd«, 1919, 2 elfi-RW c'fr and B - Alfimoff (Helv. Chim. 

’ 672). Solutions of the chlorides of sodium. 

3* — 2 
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lithium, and potassium of various concentrations have been electro- 
lysed, and the relative current yields of alkali hydroxide compared. 
After the passage of 50,000 coulombs through S'lA'-solutions of 
these salts, it is shown that the total current yields are respectively, 
for lithium, sodium, and potassium 75%, 82’5% and 87%. I n 
case of lithium chloride, two cases are considered : (a) Where tie 
initial concentration of lithium chloride lies on the ascending 
branch of the conductivity curve (concentrations below 5A - ) ; h ere 
the fraction of the current carried by the lithium chloride 
diminishes, due to the presence of lithium hydroxide and^ to the 
reduction of the salt concentration. ( b ) Where the initial con- 
centration lies on the descending branch of the conductivity^ curve 
(concentrated solutions) ; here the yield is diminished by the lithium 
hydroxide present, but it is increased by the fact that the reduc- 
tion of the lithium chloride concentration brings with it an improve- 
ment of the conductivity of the salt. J. F. S. 


The Transport Number of the Ions of Cadmium Iodide, 

Georges Heym (Ann. Physique, 1919, f' x l- 443— 454).— From 
a series of measurements, it is shown that the transport number oi 
iodine ions varies from 0 55 to l'O for solutions of cadmium iodide 
in which the concentration varies from 0-007 to 0'07 gram of iodine 
per litre. ^ 

Electrochemistry of Uranium and the Single Potentials 
of Some Oxides of Uranium. Chester A. Pierlf. ( J . Physics] 
(Them., 1919, 23, 517— 553).— The electrolysis of uranium com- 
pounds in various solvents and under many conditions has been 
investigated. It is shown that in aqueous solutions with low 
current density, uranyl sails deposit, in the first place, hydrated 
uranic oxide, UO s ,H,b. which is changed as the electrolysis pro- 
ceeds to a black oxide of varying composition. With higher 
current density, uranyl sulphate is reduced to uranous sulphate, 
hut in the presence of free acid the deposit obtained is sma 
amount and poorlv adherent, although metallic in appearance 
In neutral or alkaline solutions, the deposit formed is a mixture 
of black and yellow oxides. The use of a porous enf . diaphragm 
does not change the character of the deposits. Thp ,.j ep ' ( 
obtained when alkaline uranyl tartrate or citrate soluhOM « 
electrolysed is an oxide much richer in uranium than that p - 
from solutions acidified with tartaric or citric acid, 
ductivity of non-aqueous solutions of uranyl salts is a funct on 
the water present, and the deposits formed are oxides contami 
with organic matter. Anhydrous pyridine dissolve anhy ^ 
uranium tetrachloride to form conducting solutions tne ,^ 
electrolysis, deposit a compound containing uranium dp 
on the cathode. Solutions of uranium tetrachlor.de n arc 
not yield metallic uranium on electrolysis; the ^ 
conductor of electricity. The deposit obtained replace^ ^ 
from mercurous sulphate. Uranium tetrachlo e i e cl»- 

anhydrous acetone, forming 00 -dichloropropane. 
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\ eV , olved - Soluti0 ^ of potassium uranyl fluoride 
whether acid, alkaline, or neutral, form a ,W™;t „ T - ’ 

fluorine ; in acid solution, the deposit is UF 6 hV nenb- 
alkaline solutions g.ve a deposit iontairung urani™ 
and uranium oxide. Deposits obtained from neutral solu&ns of 
potassium uranyl cyanide consist of nnr. ■ sulu " ons 01 

When acidified with hydrocyanic acid, The depo^i^he” ven^' 
hydrated oxide contaminated with a little of the 1 1 1 -j ow ’ 

i,. 

have been obtained: U,Or I UO,CNO ) U -3 re stable i oxides 

™ rwiWtt or srs: 

aqueous uranyl salts | UO»(NO, 0-687° volt- „ ’ 
9 .1-49%|U0 2 (N0 ? ) 2 ||= ; 0-093 volt' Uranous oxidl % 
smgle potential identical with that obtained for the gree./oxTde 

, 3 !• t e ir n oi eP n° Sit f ° rmed whel1 "'anium salts are electro 
tW°' as stated by Smith (Amer. ChernJim 
1, 329), but a compound, U.,0,.„2H,0 ami it h== „ j’a l 
potential to that of U 3 0 s . J !t has a dlffer ent 

Diamagnetic Phenomenon in Luminous Nitroe-en and the 
Magnetic Behaviour of its Band Snectrum u\“ th 

(Pkpikal. Zeilsch., 1919, 20, 512-5191 _The iT' •)' 1 Steubij,g 
the nitrogen bands in a magnetic field have been eSnefwTt^ 
magnet in various positions. It is found that if * fln l ikT th 

..j . .t right ,« s i„ SuTaSrS’/iSi hCSt ?uiy*£ 

£ 5* —srirr 

T.m p g omure P s rOP E rti H V*™ ^ 0xides at ^ 

287-2881 —TV, ' L ' " IUU,MS (Ohutti. hews, 1919, 119 

mm, erbium eadoTuTum 0 SUSCe P tlbllit y ° f the «^des of dyspros- 
yttrium hw’bin it ! samarium, neodymium, lanthanum, and 
to -140° <rr f etermine ^ at a series of temperatures from 20 c 

0°, 201-7- -40o 4 034-8 ^ J® 0 , 0 ' Erblum oxide > 20°, 188 6; 

- 140° m g ’ r!!i r 7 ?0 °. 282 3; -100°, 314-8; -120°, 355-0 
160-7- -sno ,qs o 0m , 1Um ox,de ' 20 > 129 ' 7 ; 0°, 138-2; -40° 

’ 80 ’ 194 “i - 100 ° 217 0; -120°, 244-6; -140°, 279-o! 
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In all cases the oxides were purer than 99'5%. In the case o{ 
samarium oxide the susceptibility at -140° was about 10% l at g et 
than at 20°. Yttrium oxide increases in susceptibility with decrease 
in temperature, but very slightly, and since the susceptibility j s i ess 
than 1 x 10“ 8 the experimental error is relatively large. It is shown 
that the product of the susceptibility and the absolute temperature 
is not constant, but decreases with falling temperature to a slight 
extent. J. P. S. 


The Paramagnetism of Solid Salts and the Theory oi 
the Magneton. B. Cabrera (Anal. Fis. Qnim., 1918, lg 
436 — 449). — A mathematical discussion of the Curie-Langevin law 
when the mutual actions of the paramagnetic atoms are no longer 
negligible. W. 8. M 


Furnace Temperature Regulator. Walter P. White and 
Leason H. Adams ( Physical Rev., 1919, 14, 44 — 48).— By making 
the heating coil of an electric furnace one arm of a Wheatstone 
bridge, and combining this with a galvanometer regulator, thus keep 
ing the resistance of the coil constant, the temperature of electric 
furnaces may be kept constant. This device is effective regardless of 
variations in the current supply, and requires no attention, particu- 
larly in the case of furnaces which are not directly influenced by the 
temperature of the room or where the surrounding air is kepi 
constant. The arrangement operates as follows: Changes in the 
temperature of the furnace, and consequently in the resistance oi 
the heating coil, operate a boom which either hits or misses a 
contact-maker which controls a suitable relay. This relay operates 
a larger magnet, which controls the main current. The power 
available in this regulator is verv large ; nothing has to be inserted 
into the furnace cavity, and the lag is practically non-existent. 
The regulator is often almost at its best under conditions most 
unfavourable to other regulators. Using this regulator, the authors 
have kept a small furnace constant to within 0'1 C for hours at 
temperatures from 500° to 1400°. J. F, S. 


An Analysis of the Radiation Emitted in Gaseous 
Explosions. W. T. David (Phil. Maq., 1920, vi, 39, 84-95),- 
In explosions of coal-gas and air, and of hydrogen and air, the ratio 
of the energy in the 2'8 p radiation emitted to that in the radiation 
of longer wave-length decreases as the temperature decreases. In 
the neighbourhood of 1200° abs. the 2'8 p radiation decreases very 
rapidly with the temperature, and is negligible at 1000° abs. Radia- 
tion of longer wave-length is emitted after the temperature k& 
fallen to 900° abs., but at this temperature the emission is small 
The ratio of the energies in t.he 2’8p and the 4 4 p radiation in coa 
gas and air mixtures appears to depend on the composition of t e 
mixture and the temperature. The loss of heat by ra iamn 
expressed as a percentage of the heat of combustion of hy roge 
and air mixtures, between the limits of composition of 10 and -o h 
of combustible gas, decreases very rapidly as the latter increas 
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The variation for mixtures of coal-gas and air between 9'8 and 15% 
is small. The author attempts a theoretical explanation of these 
results on the following lines. The intra-molecular energy acquired 
on combustion by the freshly-formed molecules of carbon dioxide 
aa d water is not equally partitioned over the various internal 
degrees of freedom of the molecules. "When the combustion is gentle 
the intra-molecular energy is concentrated in the rotational degrees 
of freedom, and in such very low frequency vibrations as tbe mole- 
cules may be capable of executing. As the combustion becomes 
more violent the higher frequency vibrations share in this energy, 
and it is possible that during combustion of extreme violence equi- 
partitioning of energy amongst all the internal degrees of freedom 
of the molecules may be approached momentarily. This is believed 
to be capable of explaining many phenomena of explosive combus- 
tion, such as the pre^prcssure period. J. B. P. 

Isothermals of Monatomic Substances and their Binary 
Mixtures. XX. Isothermals of Neon from 20° to -217°. 

C. A. Crommelin, J. Palacios Martinez, and H. Kammerlingh 
Onnes (Proc. I{. Akad. Wete.nsch. Amsterdam, 1919, 22, 108 — 118. 
Compare A., 1917, ii, 407; 1918, ii, 9) — The isothermals of neon 
have been determined over the range 20° to -217° up to a pressure 
of 90 atms. by the method previously described. From the results 
of the experiments the authors have calculated the virial-coefficients 
from the equation of state. It is shown that the pv A values 
obtained in the present work agree in a very satisfactory manner 
with the older measurements. Only in the isothermal — 21 7’52° is 
any marked divergence visible, and here tbe divergence does not 
exceed 0'5%, whilst for the isothermal -200 08° they do not 
reach 0'1%. J. F. S. 

A New Improvement of the Equation of State of Fluids. 

E. AriSs ( Compt . rend., 1919, 169, 1140 — 1143). — A mathemati- 
cal discussion of the subject. W. G. 

Equation of Condition. Fred. G. Edwards (Chem. News, 1920, 
120, 4—5). — Using Nernst’s value in the equation for the mean 
molecular heat of gases, Cv—a+bt, it is shown that these linear 
equations are chords to the curve m x — A- log T , where m = 5'95 \y or 
4-(2y/2’975) below or above y — 2 975, from which is obtained the 
general equation m x =kj\ogT=llv\ogT, and hence pv = m x T, m x 
being a constant for monatomic gases. W. G. 

Corrected van der Waals's Equation of Condition for the 
Quasi-diminution of the Molecule. E. A. Holm (Medd. K. 

Vetenskapsakad. Nobel-Inst., 1919, 5, No. 27, 1 — 33). — In the cor- 
rected van der Waals’s equation an infinite series of bjv appears as 
tie correction factor of the volume. This has been inserted by 
Boltzmann in an approximated form as 1 - 5/v-f 0'3756 2 /v 2 — 
0'0369& 3 /dS, This oannot be true for very small volumes. The 
equation has been tested on Amagat’s oxygen isotherms, and it is 
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found to be strictly applicable at pressures 250, 300, and 450 atm, 
and at temperatures 0°, 15-63°, 99'50°, and 199-5°. The negative 
divergence found for very high pressures is due entirely to tie 
mathematical incompleteness of the formula. J. F. g. 

Determination of Chemical Constants. Alfred C. Egertov 
(Phil. Mag., 1920, [vi], 39, 1—20).— The author emphasises the 
fact that the usual formula for the calculation of chemical C0B . 
stants from vapour pressures, due to Nernst, cannot give results 
having any theoretical significance, because the assumptions as to 
the specific heats at low temperatures which are contained in it 
have been shown to be incorrect by recent experiments. He there, 
fore modifies the formula by substituting for these assumptions the 
more exact expressions for the specific heats of solids at low tem- 
peratures, and assumes that the atomic heats of gases remain con- 
stant and equal to 5/2 . R at the lowest temperatures. Thevaluesof 
the chemical constants calculated by the new formula agree, within 
the limits of experimental error, with those given by the formula 
_C —c~ 1-6 log M, where C 0 is a universal constant, and M is the 
atomic weight. The values of C obtained from the vapour-pressure 
formula are given in the second column below ; those from the above 
formula in the third column : 


C from vap. press. 

Mercury 1*820±0*032 

Cadmium 105 ±0-31 

Zinc 1*23 ±026 


C from formula. 
1*845 
1-468 
1*115 


The value of C 0 is found to he -1622. The latent heats of 
vaporisation are calculated from an expression previously used 
(Phil. Mag., 1917, [vi], 33, 193). and found to agree with the 
experimental values, as well as those calculated by the equation 
A £ T ,$- 5 log T„, due to Nernst. The value of Stefan’s constant a is 
calculated, £nd found to be 5- 27 . 10- 5 erg. cm.-* deg.-*, which agrees 
with the value adopted by Planck, but is distinctly lower than the 
more recently determined values. J- R- P- 


Significance of the Chemical Constant and its Relation 
to the Behaviour of Gases at Low Temperatures. F. A. 

Lindemann (Pint. Mag., 1920. [vi], 39, 21— 25)— It is shown that 
the chemical constant has the dimensions of the logarithm ot a 
pressure if the atomic heat of a monatomic gas becomes zero at the 
absolute zero. In this case it should be of the form A' + 3/2 . logi- 
5 / 2 kw 9, where 0 is a characteristic constant of the substance. 1 
the atomic heat of a monatomic gas remains 5/2 . R down to the 
absolute zero, the chemical constant has the dimensions of a pres- 
sure divided by a temperature to the power 5/2 and is of t e 
K + 3/2 . log ,1 . Experimental determinations show that the lai 
form is true within the limits of error. It follows either t a ■ 
very nearly equal to 1° for all substances, which seems 
or that the atomic heat remains constant down to the ‘ow ^ 
peratures. It is further shown that the chemical constant 
eliminated and the vapour pressure expressed in <*™ s the 
pressure of full radiation. It is therefore suggested t 
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chemical constant may express the interaction of matter and full 
radiation rather than requiring that a gas can assume only a finite 
number of microphases, from the point of view of statistical 
mechanics at a given temperature, pressure, and volume If the 
value of the chemical constant could, as suggested, be derived from 
the radiation pressure, the quantum assumption would be avoided 

in the case o gases, although it would be necessary for the deduction 
of the law of full radiation. 3 ueuucwon 

J . K. i 3 . 

Latent Heat and Surface Enersw IT n t u 

{ m. Mag., 1920, [vi], 39, 32-^6. Compare A 1919 j 
On the assumption that van der Waals's constant, 0 , varies with 
the temperature, a relation is derived between the surface energy » 
the mo ecu ar volume I, and a T , namely, a r = 6oV/d where if is 
the molecular diameter. This is valid at low temperatures only 
By assuming that ^diminishes linearly with the temperature* 
the critical value, a : , latent heats are calculated by Banker’s formula 
\ = a r (l/Vj -1/v,), for several liquids The resutts ” 
agreement with experimental values. The ratio a T /a c is found to 
he the same for many liquids at the boiling point, and equal to W 
This leads to the value of Trouton’s constant. The empirical rela- 
honship between Jatent heat and surface energy, due to Walden 
and the Eotvos-Ramsay law, can also be deduced. J. R. p ’ 

Heats of Fusion, Velocities of Crystallisation nnH 
Chemical Affinities in Crystals. M. PaJo a (A/* It 'Acmd 
Unoei, 1919, [v], 28, ii, 239-243. Compare A 1919 a 51 96)' 
-From the considerations previously developed, the conclusion is 

beTnr that d th i e f tln ". lu the P ro <*ss of crystallisation should 

be expressed by, or at least included in, the heat of fusion of the 
compound, so that, under similar conditions as to molecular magni- 
tude and structure, those compounds exhibiting the greatest vefoci- 

11 Tht meh^ 1Sat '°* ^° UM *1? ° haVe tllC hi S hest heats of fusion. 
The melting points, heats of fusion, and velocities of crystallisa- 

™ are , tabu: la ^ d for a "umber of pairs of isomorphofc organic 
compounds, such as naphthalene and dihydronaphthalene, benzene 
and ^^bexane, etc. In each pair, the greater heat ot fusion 

SicTthe Wlth the , great f r VeI ° dt y of crystallisation character- 
stic of the compound containing double linkings. Further un- 
urated compounds, in general, melt at higher temperatures ’than 
:L n°tb ding S f tl ’ rat / d , COI . n P ounds - this indicating the greater 
hfv i y f r he ° f the former ' As regards heats of fusion 

the value forth 1 * 6 ? 1 '*' f S T e \°( com P ounds ca ™°t be compared,’ 
that foi b he fu f' , ethyl succinate > for bailee, exceeding 
various thermeT ’ the , heat of fuslon ma y be the resultant of 
inherent to fb eff - ects ' not merel y the effect of the affinity 
way s the V trr w thC m ° leCUleS “ th6 cr ^ a1 ' “ the same 
various heats h of t - 0f - S0 * Utl0 c r J e P r f cnts the algebraic sum of the 
Wii, " eatS lonisa t lon > hydration, etc. 

velocity nf C T P ?u d “ Iltainin g a triple linking, such as tolane, the 
y of crystallisation is less than that for the corresponding 
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isomorphous compound with a double linking (stilbene), an( j 
approaches that for the corresponding compound with a singly 
linking (dibenzyl). The parallelism between velocity of crystal, 
lisation and heat of fusion is maintained also in this case; the melt, 
ing points of compounds with triple linkings are likewise lower than 
those of the compounds with double linkings. 

The high velocities of crystallisation shown by compounds with 
double linkings are explainable on the assumption that change of 
form on crystallisation is unnecessary with these compounds, which 
in the liquid state are wholly of the fumaric or wholly of the maleic 
type, and with the help of the latent valencies crystallise with 
great rapidity ; on the other hand, the compounds with single or 
triple linkings undergo, in part at least, a preliminary transposition 
which results in retardation of the crystallisation. As an instance 
of the influence of the molecular configuration, it may be noted 
that the velocity of crystallisation of dibenzyl, with which equil- 
ibrium, between the cis- and trans-forms is possible in solution, is 
580 mm. per minute, whereas that of dihydrophenanthrene, which 
differs from dibenzyl only in the closure of the third ring, and with 
which no equilibrium between isomeric forms is possible, is 
1200 mm. per minute. 

It may be, however, that the results obtained with compounds 
containing the three different linkings are to be explained by the 
assumption that the latent valencies of the triple linking exert no 
action in the formation of crystals. Thomsen’s thermochemical 
calculations (“ Thermochemische Untersuchungen,” 1906, 3101 
show that the thermal value of a simple linking in 
the lower members of the paraffin series is 14-71 cal 
whereas that of the double linking in the correspond- 
ing olefines is 13 27 cal., and that of the triple linking 
in acetylene, etc., approaches zero. T. H. P, 

Apparatus lor Determining the Melting 
Point ol Very Hygroscopic Substances. H. J, 

Backer ( Chem . I Veekhlad, 1919, 16, 1564 — 1565). 
The apparatus consists of a narrow, thin-walled glass 
tube, into which the material under examination is 
placed, the tube being then drawn out and sealed. 
It communicates by means of a small, curved, lateral 
branch with a wider tube, in which is placed about 
2 c.c. of phosphoric oxide, after which this tube is 
drawn out into a capillary, exhausted by means of a 
water-pump, and sealed. The material is thus con 
tained in a vacuum desiccator during the^ ^termin- 
ation of its melting point. ”■ "• 

Freezing-point Lowerings in Mixtures oi Two 
lytes. K. G. Dernby (Medd. K. Vetenskapsakad. Nobe.l-inst., isi , 
3, No. 18, 1—10).— The depression of the freezing point has » 
determined for aqueous solutions of mixtures of two elec re 'I 
The following pairs were examined : hydrochloric acid an 
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hlorides of sodium, potassium, and magnesium respectively, 
notassium and magnesium chloride, nitric acid with potassium and 
magnesium nitrates respectively. The concentrations examined 
varied between ON and fl'S.V. It is shown that the freezing-point 
lowerings of mixtures of electrolytes with a common negative ion 
are always greater than the sum of the individual lowerings. For 
mixtures of binary electrolytes, such as KC1,HC1, NaCl,HCl, 
UNO ,HN0 3 , the lowering of the freezing point is approximately 
proportional to the concentration of the salt and of the acid. For 
mixtures of a ternary electrolyte and a binary electrolyte, such as 
UvCb.HCl, MgCl,,KCl, and Mg(N0 3 )„,HN0 3 , the lowering of the 
freezing point increases faster than the concentration. Mixtures 
of magnesium chloride and hydrochloric acid lower the freezing 
point more than mixtures of potassium chloride and magnesium 
chloride of the same concentration. J. F. S. 

Calculation of the Neutral Salt Action from the Depres- 
sion of the Freezing Point of Aqueous Solutions. Svante 

Arrhenius and Erik Andersson ( Medd . K. Vetenskapsakad. 
tfobd-Imt., 1918, 3, No. 25, 1—9). — A theoretical paper in which, 
on the basis of the Arrhenius hypothesis of the mechanism of 
neutral salt action, an attempt is made to calculate the neutral salt 
action from freezing-point depressions. The osmotic pressure of a 
solution is strongly influenced by other substances, particularly 
salts; this is also true of the osmotic pressure of hydrogen ions. 
Since the velocity of reaction is proportional to the osmotic pressure 
of the surrounding substance (sucrose or ethyl acetate), and, further, 
the osmotic pressure of the catalyst (hydrogen ions) increases pro- 
portionally, the neutral salt action can be calculated as soon as the 
corresponding changes of the two osmotic pressures are known. 
These for the case under investigation are known from the freez- 
ing-point measurements of Dernhy (preceding abstract) and from 
the hydrogen-ion activity determinations of Harned (A., 1916. 
ii, 8). The calculation shows that the method is one capable of 
furnishing the desired result. J. F. S. 

Simplification of tlie Inverse-rate Method for Thermal 
Analysis. P. D. Merica (Bull. Bureau Standards, 1919, No. 336, 
101—104). — In plotting and recording cooling curves, the author 
recommends the following method, using a thermocouple, a direct- 
reading potentiometer and galvanometer, and two stop-watches. 
The watches are mounted in a single frame and held in one hand; 
the potentiometer is set at the desired point, 'ft' hen the time- 
temperature readings are being made, the stem of both watches is 
pressed at the moment the galvanometer reaches the zero, thus 
stopping one watch and so recording the time interval, and start- 
ing the other watch on the next interval, which is recorded in the 
same way. This method saves the time necessary in plotting and 
reading chronograph records, and does away with the use of ex- 
pensive chronographs. Specimen curves for the cooling of iron 
made by this method are given in the paper. J. F. S,. 
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Exact Formula for tlie Saturation Tension of Water 
Vapour between 0° and 50°. Paul Schreibeb (Phy.nh,] 
Zeitsch., 1919, 20, 521 — 523). — The author gives the fol]owi B „ 
formulae for calculating the saturation tension of water vapour at 
temperatures between 0° and 50° : log s — log + log f(T) I in 
log s, = p + 5 log T and log/(T) is a correcting factor, * j 9 l j 1|i 
corrected saturation tension. The values calculated by this eQua 
tion are practically identical with the values given in the inter 
national meteorological tables. The values logs,= — 7'0814 
17-8 log (10- Z T), log /(T) = 001 15 — 0-0000494(r - 298) 2 and + 
log s = - 7-0699 + 17'8 log (10- 2 T) -0-0000494(7' -298)2 
are used in the calculations. J. P S 

Boiling Point of Liquids. F. P. Soebel ( Science , 1919 50 
49 — 50). — Assuming that at the b. p. the energy of vibration of 
the individual molecules of a liquid and of its vapour must be 
equal, the author deduces the equation T x =mp x v r IVi$ for a pure 
liquid, where m is the molecular weight and p x and v x the pressure 
and the volume of the vapour at the absolute b. p., T,, F 0 f 
ordinary liquids containing impurities, the equation becomes 
T x =(p z v r -0)ml P49, where C is a constant characteristic of each 
liquid. In the case of water (m =18 ; C— 8'7), the calculated values 
of T x at 273°, 313°. and 473° (abs.) are 270°, 313-3°, and 473-50 
respectively. Similar agreement is found in the case of other 
liquids in which association does not occur. Chemical Abstracts, 


Vapour Pressure and Free Energies of the Hydrogen 
Haloids in Aqueous Solution. The Free Energy of 
Formation of Hydrogen Chloride. Stuart J. Bates and H. 

Darwin Kirschman (./. Amer. Chtm. Soc., 1919, 41 , 1991—2001). 
— Determinations have been made of the vapour pressures of 
hydrogen chloride, hydrogen bromide, and hydrogen iodide above 
their aqueous solutions between the concentrations 3'2 and lO'OJ, 
5'8 and ll’O.V, and 60 and 9-7.V, respectively, at 25°, and of 
hydrogen chloride between 5‘5 and 9'2.Y at 30°. By the method 
employed, which consisted in determining the hydrogen haloid 
contained in a given quantity of air or nitrogen in equilibrium with 
its solution, and comparing this with the amount of aqueous vapour 
which the same air contained when in equilibrium with pure water 


at the same temperature, partial pressures as small as 0-001 mm. 
were determined with an accuracy of a few per cent. The vapour- 
pressure measurements of hydrochloric acid solutions between 3'2J 
and 7T5.Y are in good agreement with the K.M.F. data for hydro- 
chloric acid concentration cells. The free energy of formation of 
hydrogen chloride at 25° is —22,700 cal. The free energies of 
formation of the halogen acids at various concentrations, O'l U 
mols. per litre, in aqueous solution are given in a table in the paper. 

J. F. Si 


Constant Temperature Still-head for Light Oil Frac- 
tionation. Frebf.bick M. Washburn (/. Ind. Eng. Chem., 19 , 
12, 73 — 77). — The apparatus described consists of two essen la 
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parts, namely, a Hempel column and a constant temperature still- 
head of the type suggested by F. A. Brown (T., 1880, 37, 49). This 
still-head is a spiral of about 6 inches diameter made from 12 feet 
of | inch iron tube; it is surrounded by an oil-bath, which h 
provided with a stirrer and maintained at the required temperature 
by a coil of resistance wire, thermo-regulator, relay, etc. The lower 
end of the spiral is connected with the side-tube of the Hempel 
column, whilst the upper end is fitted with a thermometer pocket 
and a side-tube leading to an ordinary condenser. W. P. S. 

Heat of Formation Calculated from the Wave-length of 
Absorption Bands. A. L. Bernoulli (Helv. Chim. Acta, 1919, 
2, 720 — 728). — The author has deduced an expression, whereby from 
the absorption bands corresponding with characteristic ultra-violet 
electron vibrations the heat of formation of a compound from its 
elements may be calculated. This expression for a binary com- 
P ound ._ h ^-^. e forra . C>=O-O1128[( v /0 1 /«^- N /0 2 /^)~ 

'/'(a -I- jQ — 5 , in which Q is the heat of formation, v v v 2 , and 

v 1 the atomic volumes of the constituent elements and the molecular 
volume of the compound respectively; 0 lt 0 2 , and 0 ' are the melt? 
ing points, in absolute degrees, of the elements and the compound 
respectively, a and /3 are the electron numbers or valencies of the 
elements, and 5 is the number of charges given up in the formation 
of the molecule. This formula is tested in the case of a number of 
binary compounds, and the results compared with the experimental 
values. The two sets of results are remarkably close; for example, 
carbon dioxide, calc. 108*3, obs. 106*0; silver chloride, calc. 29*05, 
obs. 29*0. j. F S. 

Heat of Reaction of Ammonia Oxidation. Guy B. Taylor 
(<7. Ind, Eng. Chem ., 1919, 11, 1121 — 1123). — The temperature 
most favourable to the catalytic oxidation of ammonia by means of 
air is 800°. In order to determine the amount of external energy 
required to maintain the catalyst at the optimum temperature a 
formula has been based on the equations : 

(1) 4NH 3 + 50, = 4N0 + 6H.,0 + 214200 cal. 

(2) 4NH 3 + 30 2 = 2N 4 + 6H 2 0 + 300600 cal. 

The temperature rise is expressed by the formula t = QlG, where 

represents the heat of reaction in calories, and G the specific heat 
of the products of the reaction. From 0° to 800° water-vapour is 
the only gaseous product with an appreciable temperature-coeffi- 
cient, and this may be taken as 8 '34. In the following formula, 

f-° = (75 1 5 0 j: — 2 1 600?/) / (7 ' 08 + 3 ' 4 1 - 0 * 25y + 8 • 34 T 7 / # — F) , V re- 
presents the partial pressure of water-vapour, B the total pressure 
ot the air-ammonia-water vapour mixture, x the molecular fraction 
of ammonia in the mixture, and y the molecular fraction of nitric 
oxide produced in the oxidation. For maintaining the catalyst at 
the right temperature, pre-heating the mixture, electric heating, or 
enriching the current of ammonia and air with oxygen have been 
shown to give equally satisfactory results. C. A. M. 



ii. 90 


ABSTRACTS OF CHEMICAL PAPERS. 


Critical Densities of Hydrogen, Helium, and Neon, j j 

van Laar ( Chem . Weekblad, 1919, 16, 1557 — 1564)*. — In the cases oi 
hydrogen and helium the extrapolated values for D e obtained from 
the curve \(D l + D.^=f(T) are found to be too high. Thus the 
figure 0'0310 so obtained for hydrogen would correspond to y=0’46 
which is an impossible value. The author calculates that for hydro' 
gen Zi c =0'0287, and for helium 7> c =0'0598 instead of 0'066 as 
given by the curve. 

In the case of neon there is agreement between the extrapolated 
value and the calculated figure, D c being 0'456. W. J. ty. 

The “Density Numbers 11 oi Groshans. W. P. Jop.i 5SEy 
( Chem . Weekblad, 1917, 14, 1066 — 1071). — The volume in c.c. of 
1 gram of a vaporised substance at the boiling point is given by the 
expression 822),,,, /-V, where .1/ is the molecular weight. Elimination 
of 2V„ between this expression and the boiling point formula of 
Groshaus, T tp = 27'8diy */«, gives the vapour volume in c.c, of 
1 gram 2280 \/x/n. x is a constant for the class of substances con- 
sidered, and n is the sum of the density numbers of the elements 
involved (Ann. Fhys. Chem., 1849, 78, 116). For the elements 
carbon, hydrogen, and oxygen the density numbers are unity, and 
n is therefore the number of atoms in the molecule. For other 
elements n is greater than unity. For unassociated liquids the 
expansion in the transition from liquid to vapour is 570 tjx. By 
comparing this formula with the expansion determined experimen- 
tally by Masson (A., 1891, 379) for methyl, ethyl, propyl, phenyl, 
butyl, and amyl chlorides, x is determined for each, and the density 
number for chlorine is determined from the boiling-point formula. 
The values found range from 3 40 to 4'44. The value given by 
Groshans is 4. W, S. M. 

Determination of Avogadro's Normal Volume F, and o! 
the Atomic Weights of Hydrogen, Helium, and Argon. 

J. J. van Laak (Chem. Weekblad, 1919, 16, 1243 — 1250). — A con- 
tinuation of a previous communication (A., 1919, ii, 461). 

The most probable value of I', is considered to be 22415 3 c.c. The 
atomic weights of hydrogen, helium, and argon are stated to be 
1 007697 (=1 00770), 3 9998 ( = 4'000), and 39 95 respectively. 

W. J, W. 

Molecular Attraction . III. The Characteristic Equation. 

K. K. Jabvinen (Ann. Acad. Sci. Fennicae, 1919, [A], 12, Reprint 
44 pp.). — A continuation of the theoretical discussion on molecular 
attraction (compare A., 1913, ii, 293; A., 1915, ii, 251). The 
internal pressure, p a , is calculated by the equation p=RTjV.f-fn 
on the basis of the law of molecular attraction F — km^jC. It is 
found that p„=ajv'i for monatomic substances, and p a — a H v K v ^~ 
0'242M) 5 } for polyatomic substances, where a and b are the con- 
stants of van der Waals's equation. It is thus much smaller than 
that calculated from the latter equation. The critical pressure, 
Pk=RTJV . f, is also calculated, and thence a table of values or / 
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deduced, which may be used to find the deviations from the ideal 
state. Values of / are also calculated from the equations f=p~vJ 
ST .v and f—dpfdt . vjR, the latter obtained by differentiation of 
the characteristic equation. These agree approximately with the 
theoretical values. The differences are taken to mean that the 
theory is yet incomplete. It is also found that b decreases with 
temperature, but this need not in reality be the case. The pressure 
the critical data, and the values of v k jb a , HTjpv k , dpjdt . vjR, and 
dpi dt. Tip, may be obtained with fair approximation. Only 
approximate accuracy is claimed. J R P 

Effects of Acids and Bases on the Surface Energy 
Relations of /i/i'-Dichloroethyl Sulphide (Mustard Gas). 

William D. Harkins and D. T. Ewing ( J . Amir. Chem. Soc., 
1919, 41 , 1977 1980). The surface tension between jS^^-dichloro- 
ethyl sulphide and a number of liquids has been determined with 
the object of finding a suitable emulsifying agent for the prepara- 
tion of aqueous emulsions of this substance. The following values 
of the surface tension in dynes per cm. have been found between 
ftS'-dichloroethyl sulphide and the liquids named: water, 28' 36; 
OTiV-hydrochloric acid, 28 90 ; ' OTA’-sodium hydroxide, 12 78; 
OTiV-sodium carbonate, 18'82; 1% solution of turkey-red oil, 14-47; 
1% solution of turkey-red oil in OlV-sodium carbonate, 8'35; 1% 
Twitchell’s solution, 12 32 ; 1% Twitehell's solution in O'lA’-sodium 
carbonate, 12'89; 1% maize oil solution, 12 94; and 1% maize oil in 
O’liV-sodium carbonate, 10'91. The surface tension of several 
organic liquids has also been measured: aa-diphenylpropane, 20°, 
37-15, 25°, 36-64; oa-diphenylethane, 20°, 37-67, 25°, 37-20; 
diphenylmethane, 20°, 37'56; ditolylmethane, 20°, 3551, 25°, 
3480 ; propylbeuzene, 20°, 32-22, 25°, 31"30. All determinations 
were made by the drop-weight method. J. F. S. 

' Viscosity of Pure Liquids. Svante Arrhenius (21 ledd. K. 
Vetenskapsakad. Nobel-Inst., 1918, 3, No. 20, 1 — 40).— A theoreti- 
cal paper, in which a large volume of work on the viscosity of 
liquids is jliscussed and correlated. It is shown that the ratio 
<1 » x 10 5 : is approximately constant for non-associated organic 

liquids. The symbols have the significance, ip is the viscosity of a 
liquid at the boiling point and * is the density, and the constant 
varies between 230 and 320. , The constant is not obtained in the 
case of a few liquids, which are characterised by the fact that the 
expression A' 1 = l®((flog»(/tii)/<f( does not show a minimum below 
the boiling point. These liquids are ethylene, propylene, and iso- 
butylene bromides, benzene, and carbon tetrachloride. The presence 
of negative atoms, such as the halogens, sulphur, or oxygen, 
increases the value of the ratio rj/, : s. The influence of pressure 
on the viscosity is nearly represented by a linear equation log i] p — 
]°gt!o + ^(p-Po), where t; 0 is the viscosity at the external pressure 
zero (practically atmospheric pressure), p is the total pressure 
(external and internal) calculated according to van der Waals’s 
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theory, and p 0 the internal pressure at zero external pressure, ft 
influence of temperature on viscosity may, for non-aSsociated liquids 
be expressed by the formula dlog i] .vl/dt = K^jT 2 . K 1 is ncar ]^ 
proportional to the absolute boiling point 7\, so that /i~ 1 ; j> ( 
ordinary logarithms are used for calculating K„ does not chanoo 

for normal organic liquids between greater limits than 1 pi 

Benzene and the liquids named above are exceptions. For associated 
liquids the ratio IC 1 : Tg possesses higher values, between 1'25 and 
4‘32. There is a pronounced parallelism between the values of the 
ratios i : >Jg and K t : 7V In an homologous series, K t : T b gener- 
ally increases with the boiling point. There is a great analog, 
between the effect of temperature on the vapour pressure and on 
the product of the viscosity and the specific volume. J. F g 

Investigations concerning the Viscosity of Binary Liquid 
Mixtures. Haxs Egner (Mcdd, K. Vetenskapsakad. Nobel-Imt, 
1918, 3, No. 22, 1 — 13). — A theoretical paper in which a large 
number of viscosity determinations of various authors are collected 
and examined in connexion with the modified logarithmic formula 
of Arrhenius, log/j=« I logij ] + n 2 logi( 2 , where ij, and tj 2 are the 
viscosities of the components of the mixtures, and m, and n„ the 
molecular concentrations. It is shown that this formula represents 
the variation of the viscosity in binary liquid mixtures more exactly 
than any other formula. J. p. g, 

Theoretical Significance of Viscosity Measurements of 
Colloidal Solutions. Svante Arkhexius (Medd. K, Vctem- 
kapsahad. Xnbel-In.d., 1918. 3, No. 21, 1 — 22). — A theoretical 
paper in which a large number of viscosity determinations of 
colloidal solutions are discussed. It is shown that Einstein's 
viscosity formula is fully established by Bancelin's results {A., 
1911, ii, 586, 1067) as soon as the logarithmic formula 
logq-log.;,-^ 

is employed. The proposed extension of Einstein’s formula put 
forward by Smoluchowski is not confirmed by Oden’s measurements 
on colloidal sulphur (A., 1913, ii, 485). J. F. S. 

Viscosimeter for Measuring Viscosities and Fluidities, 

Georges Baume and Henri Vigneron (.lrm. Chim. anal., 1919, 
fii], 1, 379 — 383).— The viscosimeter kibe consists of a capillary pro- 
vided with a bulb at its upper end and a short length of wide tube 
at its lower end; this tube is fixed vertically by means of a cork 
in a test-tube containing 20 c.c. of the oil under examination, the 
lower end of the tube being immersed in the oil up to a mark just 
below the capillary. A thermometer passes through a T-piece 
carried by the cork, the bulb of the .thermometer dipping into the 
oil. The test-tube is inserted in a boiling bulb provided with a 
reflux apparatus. This boiling bulb may contain ether, acetone 
benzene, or water, according to the temperature at which tie 
viscosity is to be determined; when the required temperature as 
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been reached, the oil is forced upwards into the viscosimeter tube 
bv a pressure baft attached to a branch of the T-piece; the pressure 
i, then released, and the time taken for the level of the oil to fall 
from a mark just above the bulb (on the viscosimeter tube) to one 
just below it is noted. W. P. S. 

Emulsification by Adsorption at an Oil-Water Interlace. 

g E. Sheppard (J. Physical Chem., 1919, 23, 034 — 639). — 
Emulsions of nitrobenzene in sulphuric acid arid hydrochloric acid 
may he readily prepared by making the acid of the same density 
as the nitrobenzene. Similar moderately stable emulsions were 
prepared by saturating the acid (sulphuric) with lead sulphate or 
calcium sulphate, or hydrochloric acid with sodium chloride or lead 
chloride, in both cases the acid being of the same density as the 
nitrobenzene. It therefore appears that, in accordance with Ban- 
croft's general theory of peptisation, adsorption at, a liquid-liquid 
interface is capable of effecting emulsification. The systems thus 
produced, on"' ageing, pass into a condition approaching Pickering’s 
emulsions, but with a great diminution of the dispersity. 

J. F. S. 

Nature of Osmotic Pressure. Mitsuji Kosakai ( Proc . Soc. 
E.rpt. Biol. Med., 1919, 16. 118—119). The haemolytic effects of 
formaldehyde and carbamide were found to be. like that of boric 
acid, the result of osmotic pressure. The rates of diffusion of boric 
acid, formaldehyde, and carbamide are 90 sec., 30 sec., and less than 
5 sec. respectively. These differences correspond with the differ- 
ences in the hsmolytic action of the three substances, and confirm 
the view that osmotic pressure is not a direct property of a solute, 
but is merely water pressure developed by the process of diffusion. 

Chemical Abstracts. 

Osmotic Pressure. II. The Nature of Osmotic Pressure. 

Mitsuji Kosakai (./. Immitnolotjy, 1919, 4 , 49 — 65). — The same 
degree of osmotic haemolysis is not produced by identical concentra- 
tions of boric acid, formaldehyde, and carbamide, or by a corre- 
sponding lowering in the medium of suspension of the treated 
corpuscles. As the treating concentration of the three hemolytic 
substances is correspondingly diminished, the ratio between that 
concentration and the final concentration, in the haemolytic experi- 
ment, increases disproportionately with the different substances. 
The osmotic haemolysis of corpuscles which have been treated with 
the three haemolytic substances in the same, osmotic concentration 
is not inhibited by identical concentrations of sodium chloride or 
of the haemolytic substances themselves. All these facts contradict 
the assumption that osmotic pressure is exerted directly by the 
solute. Osmotic pressure is not a direct property of a solute, hut 
is solely the pressure exerted by water which has passed, by the 
unexplained process of diffusion, through a semipermeable mem- 
brane to the side of the higher osmotic concentration. 

Chemical Abstracts. 
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Osmotic Pressure of an Electrolyte. Oskar Klein [Meii, 
K. Vetenskapsakad. Nobel-lnst., 1919, 5, No. 6, 1—9).— A m a th fr 
matical paper in which an expression is deduced showing the con. 
nexion between osmotic pressure, concentration, temperature, and 
dielectric constant. The reasoning is based on thermodynamical 
and mechanical (kinetic) principles, and is simpler than that used 
by Milner (A., 1913, ii, 481) in a similar problem. T. S. p. 

The Diffusion of Electrolytes into Jellies. II. The 
Dependence oi the Diffusion on the Mobility of the Ions 
and the Hydration and Polymerisation of the Molecules. 

Otto von Furth and Franz Bcbanovic ( Biochem . Zeitsch., 19ig i 
92, 139—170. Compare A., 1919, ii, 13).— Diffusion in jellies 
differs in most cases from free diffusion in aqueous solution, and is 
dependent on the character of the jelly. The velocity with which 
acids, bases, and polymerised salts penetrate jellies is smaller than 
would be expected from the mobility of their ions. Weakly 
hydrated salts show normal diffusion (diffusion similar to that in 
aqueous solution) in jellies. Strongly hydrated salts, on the other 
hand, contrary to their behaviour in aqueous solution, diffuse 
relatively faster than in the previous case, so that their diffusion 
velocity approximates to the theoretical value obtained from the 
mobility of the ions. ^ 2. 


Influence of the Concentration of Electrolytes on the 
Electrification and the Rate of Difiusion of Water through 
Collodion Membranes. Jacques Lof.r (J. Gen. Physiol,, 
1919, 20, 173-199). — When an aqueous solution is separated from 
pure water by a collodion membrane, the initial rate of diffusion 
of water into the solution is influenced in an entirely different ™ 
by solutions of electrolytes and of non electrolytes. The latter 
influence the rate of diffusion in direct proportion to their concen- 
tration. and this effect- is termed the gas pressure effect. Solutions 
of electrolytes show the gas-pressure effect also, hut it commences 
at a somewhat higher concentration than in the previous case. If 
the concentration of the electrolyte is below that at which t e gas 
pressure, effect is observed, the solutions have a specific influence on 
the initial rate of diffusion, which is not found m the case of the 
solutions of non-electrolytes, and is due to the diffusion oi 
the water in an electrified condition, the sign of the charge depen- 
ing on the nature of the electrolyte in solution, according “ 
theory which has been advanced by the author (A., 

In these lower concentrations, the curves representing the mfl 
of the concentration of the electrolyte on the initial rate of diW 
of water into the solution show that, within a range o c 
t-ions between JT/256 and Mj 1G or more ( a ^ rdin ? t0 ‘Xd on 
of the electrolyte!, the reverse of what should be ■ «p > 
the basis of van’t Hoff's law is noticed, namely, that the att 
of a solution of an electrolyte for water diminishes with an 
in concentration. Whilst no definite assumption concerning 
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origin of the electrification of water and the mechanism by which 
the ions influence the rate of diffusion of water particles through 
collodion membranes is made, it is suggested that in the lowest 
concentrations, attraction of the electrified water particles by the 
ions with the opposite charge prevails over the repulsion of the 
water particles by ions with the same sign of charge, whilst beyond 
a certain critical concentration the repelling action of the ion with 
the same charge as that of the water particles on the latter increases 
more rapidly with increasing concentration of the solute than the 
attractive action of the ion with the opposite charge. 

It is shown that negative osmosis is due to the repulsion of the 
electrified particles of water by the ion with the same charge as 
that borne by the water. J. C. D. 

The Effect o! Strain on Solubility. J. C. Hostetter 

(Science, 1919, 50, 25). — It is possible that fluctuating tempera- 
ture and, perhaps, some indirect effects brought about by pressure 
may account for the solidification of crystals compressed in contact 
with their solution by loosely fitting pistons, as found by James 
Thomson, Le Chatelier, and Spring, without the necessity of postu- 
lating large increases in solubility due to non-uniform pressure. 
In preliminary experiments, individual crystals were subjected to 
stress at constant temperature by direct loading, and the effect on 
the concentration of the surrounding solution was studied by 
measuring the electrical conductivity. No change in concentration 
was found. The test was sufficiently sensitive to indicate that the 
effect of non-uniform pressure is much less than that produced by 
the same pressure acting uniformly. However, in another series 
of experiments, in which an unloaded crystal was placed alongside 
a loaded crystal, the former grew at the expense of the latter, show- 
ing that a very slight increase of solubility was produced by the 
stress. The method of loading the crystals has a large influence 
on the effects found, thus indicating the importance of the stress 
distribution. The experiments of Becker and Hay on the linear 
force of growing crystals are cited as indicating the stability of a 
crystal in its solution, even when subjected to pressure. In their 
experiments, loaded crystals were found to lift the load during 
growth, although the pressures on the supporting edges of the 
crystals were finally of the order of magnitude of the crushing 
strength of the crystal. The evidence so far obtained indicates 
that the effect of strain on solubility is a second-order effect. 

Chemical Abstracts. 

Influence ol Electrolytes on Solubility. Ebbe Linde 
{Arkiv. Kern. Min. Geol., 1917, 6, No. 20, 1 — 17). — The solubility 
of ethyl ether and ethyl acetoacetate has been determined in water 
and in solutions of certain electrolytes. In the case of ethyl ether, 
it is found that 7‘88 grams dissolve in 100 c.c. of water at 18°. 
The influence of mixtures of two electrolytes on the solubility of 
ether in water is determined for the pairs of electrolytes, sodium 
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sulphate-sulphuric acid, sodium sulphate-sodium hydroxide, 
sodium chloride-sodium acetate. In the first two pairs, the total 
electrolyte concentration was 0'5Y, and in the last pair Y. ^ 
concentrations of the two electrolytes were varied within these limits 
For the pair of electrolytes, sodium sulphate-sulphuric acid, it ; s 
shown that the solubility is 5-52 grams per 100 c.c. of 0-5A'-sodimm 
sulphate, and rises regularly with decreasing sodium sulphate con- 
centration and increasing sulphuric acid concentration to 7*72 grams 
per 100 c.c. of 0'5Y-sulphurie acid. In 0'5A' -mixtures of sodium 
sulphate and sodium hydroxide, the solubility is constant, 5 53 
grams per 100 c.c. of solution, whilst in the case of sodium chloride 
and sodium acetate the solubility is 4-62 grams in 100 c.c. of 
Y-sodium chloride, and falls regularly to 3'44 grams in 100 c.c 
of Y-sodium acetate. The electrolytes are seen, therefore, to have 
an additive effect. The solubility is also determined' in solutions 
of sodium acetate and sodium chloride of varying concentration, 
and in both cases shown to increase steadily with increasing dilu- 
tion, but ill neither case is the depression of the solubility in keep- 
ing with Steiner's expression. Both sets of solubility values are 
fairly in keeping with the expression of Hoffmann and Langbecx 
(A.. 1905, ii, 374). The solubility of ethyl acetoacetate has been 
determined in water, and solutions of sodium chloride and sodium 
nitrate of various concentrations at 16— 16-. r 5°. It is shown that 
100 c.c. of water dissolve 12-5 grams of ethyl acetoacetate at 
16— 16-5°. In .V -sodium chloride, 8-4 grams dissolve in 100 c.c.. 
and this value increases with decreasing concentration of sodium 
chloride, but the solubility change is in keeping with neither of 
the above expressions. In sodium nitrate solution, 11*4 grams ot 
ethyl acetoacetate dissolve in 100 c.c. of Y-sodium nitrate, and tie 
solubility increases in accordance with both the above-named ex- 
pressions on decreasing the nitrate concentration. The addition of 
alcohol to solutions of sodium chloride and nitrate increases the 
solubility of ethv! acetoacelate in these solvents. J. F, S. 

Contrasting Effects of Chlorides and Sulphates on the 
Hydrogen-ion Concentration of Acid Solutions. Arthur IV. 
Thomas and Mabel E. Baldwin (J. Amer. Che.ni. doe.., 1919. 41, 
1981—1990). — The hydroeen-ion concentration of a chrome tanning 
liquor has been determined in the presence of various concentra- 
tions of sodium chloride, ammonium chloride, sodium sulphate, 
ammonium sulphate, and magnesium sulphate. The effect 0 t e 
addition of chlorides is to increase the hvdrogen-ion concentration, 
whilst that of sulphates is to decrease it. although, on keeping, e 
concentration increases somewhat-. Similar experiment net 
carried out with pure chromium sulphate solution, enronn 
chloride solution, sulphuric acid (0-0005Y), hydrochloric 
(0-004.V), sulphuric acid (0TY). and hydrochloric acid jY 
using: a- number of chlorides and sulphates.. In every cas , . 

chlorides are found to increase the hydrogen-ion concentra 1 , 
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the sulphates to reduce it The power of increasing the hydrogen- 
ion concentration follows the order J B 

MgCL>BaCl 2 >LiCl,>NaCl>NH 1 Cl = KC1 . 

J. F. S. 

Degree of Ionisation of Very Dilute Electrolytes. Gilbert 
N. Lewis and George A. Linhart (/. Amer. Chem Soc. 1919 41 
1951 — 1960).— A theoretical paper in which the authors deduce a 
genera equation for the freezing-point lowering of dilute stron* 
electrolytes. This equation has the form = iu w wE 

? “ f numl)e ': ?! f 30ciated P art3 > A the degree of dissociation, 
« the lowering of the freeing pent, c the concentration, and 0 and 

‘ f 31 l a “ C T St ! UtS ' The calculati ™ a »d observed values of 
fl for fourteen salts at a senes of concentrations are compared and 
diown to he in good agreement. The thermodynamic degree of 
dissociation is calculated for the same salts over a rans-e of con- 
centration lO-L-lO-W. The constants a and 0 of the above 
equation can be obtained from freezing-point determinations. The 
calculated degree of dissociation diverges extraordinarily from the 
value obtained by the usual method. J F S 

f* th r Dielectric Constant of the Solvent 
and of the Electric Energy of the Ions on Electrolytic 
Dissociation. Mario Basto Wagner (Anal. Fis. Quim., 1919, 16, 
„„9— ^o7). A purely mathematical paper. AV. S. M 


Mechanism of Electrolytic Dissociation. B. Cabrera 
, ' 191 ?’ 16 ' 186 -225).-A mathematical paper 

developing the theory that the ions resulting from the solution of 
* crystalline substance are already present as such in the crystal, 
the formation of neutral molecules being thus subsequent to the 
act- of solution or fusion. g M 


Atomic Constitution of a Crystal Surface. E. Madrlung 
■ Zeitsch.j 1919, 20, 494 — 496). — A mathematical paper 

iu which the author considers the condition of the surface layer of 
mo ecules m crystals of the sodium chloride type. It is shown that 
ill crystals of the regular type, consisting of binary compounds, the 
atoms of one hind on the surface are displaced in directions at right 
angles to the surface with respect to the atoms of the other kind. 

e displacement decreases in the body of the crystal according to 
a simple exponential equation. It is also shown that, since the 
a oms of electrolytes carry electric charges, an electric double layer 
surfac m C0Use< l uence fc ke displacement, surround the crystal 

J. F. S. 

A New Method of Electrical Synthesis of Colloids. The. 

AT. Vetenskapsakad. Nobd-lnst., 1919, 5, No. 10, 
k Liie author has prepared gold and silver sols of high dis- 
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persiou by a modified method, The apparatus consists of a quart 
tube in which a small hole about 1 mm. diameter is bored, 
metal electrodes, gold or silver, pass down this tube, and are * 
placed that the arc may be formed opposite the hole. The qua r t° 
tube is so arranged that a current of nitrogen passes through it 
both from the top and the bottom. The quartz tube is placed ' 
an outer glass jacket containing about 30 c.c. of the dispersion 
medium (alcohol), and this jacket is surrounded by a further jacket 
containing a cooling agent (ice and salt or solid carbon dioxide and 
alcohol). An electromagnet is placed with its poles on either side 
of the small hole in the quartz tube. The current (1 amp 
volts) is switched on, and an arc of the usual type appears "for 
about a second, then, owing to a melting of the lower electrode 
(anode), the quartz tube becomes somewhat stopped up, and so the 
electrode is protected from the dispersion medium ; the arc become! 
a sharp-pointed flame, and this is drawn through the hole in the 
tube by the action of the magnet. Metallic clouds appear and are 
absorbed by the dispersion medium. The appearance of the arc 
has been examined spectrographically in both conditions and the 
differences noted. The author holds that the condensation of metal 
vapour is the cause of the sol formation. Other forms of apparatus 
are described in the paper. J. p. s. 

Colloid Metal Reactions. Spectrum Analysis and 
Blood Colouring Matter. Eduard Richter (Kolloid. Zeitsch, 
1919, 25, 208—211). — A number of colloid reactions between 1*J 
gold chloride solution and 1 : 1000 solutions of adrenaline, alloxan, 
tannic acid, and p-phenylenedimethyldiamine are described. In 
each case, colloidal gold is produced, but of different degrees of 
dispersity. From the experiments, it is deduced that certain 
diamines possess a particularly powerful reducing action, and are 
probably to be classified with the reducing substances of the amino- 
group which occur in the animal organism. Certain hydroxy- 
substances also show a similar reducing action. J. F. S. 

Colour of Colloids. IX. Wilder D. Bancroft (J. Physical 

Chem., 1919, 23, 554—571. Compare A., 1919, ii, 500).-A con- 
tinuation of the previous discussion. It is shown that with very 
small particles, the light which is ordinarily reflected selectively is 
transmitted by resonance, whilst the light which is ordinarily trans- 
mitted is scattered. Massive gold is red by multiple reflection, and 
thin films are green by transmitted light. Very small particles 
reflect green and transmit red light. Massive gold reflects yew® 
when compact, and brown to black when porous.. Particles wme 
do not resonate are yellow or brown by reflected light and transmi 
blue light. Silver is yellow by multiple reflection, and thin a® 
are blue to green by transmitted light. Very small particles re e 
blue and transmit yellow. Particles which do not resonate can. 
blue light and reflect red. Colloidal indigo solutions transmit rea 
light, and the surface colour of indigo is red. Sodium log sc 



general and physical chemistry. 


ii. 99 


blue liglit and transmits the yellow, whieh the vapour absorbs. 
Iodine fog scatters red light. J. F. S. 

Colours of Colloids, X. Wilder D. Bancroft (J. Physical 
Chem., 1919, 23, 603 — 633. Compare A., 1919, ii, 500). — A con- 
tinuation of the previous discussion. In the present paper the 
colours of glasses and glazes are considered. It is shown that in 
glasses and glazes, gold, silver, copper, platinum, iridium oxide, 
selenium, tellurium, sulphur, lead antimonate, carbon, magnetite, 
ferric oxide, stannic oxide, zirconium oxide, arsenious oxide, titan- 
ium oxide, and calcium phosphate occur usually as a second phase. 
Chromium occurs in some form as a second phase in chrome Aven- 
turine glass and copper in Egyptian blue. Some glasses coloured 
by iron, chromium, manganese, and cobalt are optically empty. In 
enamels the substance causing the colour is probably chiefly 
adsorbed by the material causing the opacity. J. F. S. 

Colours of Colloids. XI. Wilder 1). Bancroft (J. Physical 
(jhem ,, 1919, 23, 640—644. Compare preceding abstract).— A con- 
tinuation of the previous discussion. In the present paper the 
colours of gem stones are considered. J. F. S. 

Coagulation. Arne Westgren (Arkiv. Kern. Min, Geoi, 1918, 
?, No. 6, 1 — 30).— The coagulation of gold sols has been examined 
with the object of ascertaining the influence of the size of the colloid 
articles, the nature of the coagulating ions, and the temperature 
m the velocity of the slow coagulation. Forty c.c. of the sol were 
nixed with 10 c.c. of an electrolyte, and after definite intervals of 
time had elapsed 5 c.c. of the mixture were withdrawn and run into 
25 c.c. of 0'5% gelatin solution and the particle concentration deter- 
niined. Using sols with particles of radius 120 pp, 77 pp, and 49 pp 
respectively, it is shown that the velocity of coagulation is indepen- 
dent of the size of the particles. Using the following electrolytes 
to coagulate the sols (hydrochloric acid, sodium, lithium, potassium 
and rubidium chlorides, sodium hydroxide, and sodium iodate), it 
M shown that the ionic conductivities of the ions are determinative 
of the coagulating power. Thus hydrochloric acid, the cation 
of which has the greatest ionic conductivity, is the most active 
coagulator of all the chlorides, whereas lithium chloride with 
its slow-moving cation is the least active. Potassium chloride and 
rubidium chloride, which have cations of about the same ionic con- 
ductivity, have about the same coagulating power. Since gold sols 
are negative colloids, it follows that when they are coagulated by 
cations the anions must exercise a stabilising influence, and this is 
shown in the coagulation by sodium derivatives, for sodium 'hydr- 
oxide, with its rapidly moving hydroxyl ion, is the least efficient 
coagulator, whilst sodium iodate with its slow-moving anion is the 
•Rost efficient coagulator. Using hydrochloric acid and sodium 
chloride at various temperatures, it is shown that the velocity of 
coagulation does not depend on the temperature only, because the 
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Brownian movement of the particles depends on it, but also beca USe 
the specific coagulation power of the electrolytes changes with th e 
temperature. J. p g 

Effect o! the Wall of Vessels on the Velocity of Gaseous 
Reactions. Er.icm Yamazaki (J. Tokyo Chem. Soc., 1919 
40 , 606 — 608). — This is a theoretical paper, attempting 
give an explanation for Kooij's work (A., 1893, ii, 569), in 
the velocity of dissociation of phosphine was shown to be affected 
by the nature of the vessel, the ratio of the velocity in the new 
vessel to that in the old being 1 : 2'25. According to the author 
the decomposition of phosphine in a vessel should be considered to 
be a heterogeneous chemical reaction, that is, ( 1 ) a formation of the 
diffused zone between gas and vessel, (2) chemical reaction. In the 
new vessel the wall becomes the diffusion zone,” but in the old 
vessel the decomposition product (phosphorus) adheres to the 
surface of the vessel, thus creating a larger surface which accelerates 
the velocity of the diffusion. Ordinarily the velocity of the diffu- 
sion of the gas over the wall is so fast that ouly the velocity of the 
chemical reaction is measured as the total reaction velocity. The 
author believes that the vessel acts as a catalyst in the same manner 
as platinum black or sponge, by removing the product of the 
reaction, thus maintaining general equilibrium. More detailed 
investigation and explanation are promised. Chemical Abstracts. 

An Unsolved Problem in the Application of the Quantum 
Theory to Chemical Reactions, \V. C. M. Lewis (Phil Mug., 
1920, [vi], 39 , 26 — 31). — On applying the quantum theory to a uni- 
molecular reaction, it is shown that- very different results are 
obtained according as it is assumed that the absorption of radiation 
is continuous or discontinuous. A very large discrepancy exists 
iu both cases between the calculated and observed velocity con- 
stants, which is much greater on the discontinuous view than on 
the continuous. This discrepancy is always iu the sense that the 
observed velocity constant is many times greater than the calcu- 
lated; on the hypothesis of continuous absorption, the observed con- 
stant is of the order of 10 7 times greater than the calculated, and 
also appears to be independent of temperature, for different reac- 
tions. The explanation of this discrepancy is expected to throw 
light on the theory of physicochemical processes. J. R. P. 

The Propagation of Flame in Mixtures of Methane and 
Air, I. Horizontal Propagation. Walter Mason and 
Richard Vernon Wheeler (T., 1920, 117 , 36—47). 

The Propagation of Flame in Complex Gaseous Mixtures. 
IV. The Uniform Movement of Flame in Mixtures of 
Methane, Oxygen, and Nitrogen. “Maximum-speed 
Mixtures " of Methane and Hydrogen in Air. Wimjau 
Payman (T,, 1920, 117 , 48 — 58). 
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Hydrolysis of Iodoacetic Acid. Bror Holmberg (Mcdd. 
K. V etenskapsakad. Nobel-Inst., 1919, 5, No. 11 1—12) —The 
velocity of replacement of iodine by hydroxyl 'in the sodium and 
barium salts of iodoacetic acid by the action of sodium and barium 
hydroxides has been studied; the influence of neutral salts (sodium 
chloride and iodide and barium chloride) was also investigated 
The reaction is bimolecular, its velocity being intermediate between 
those observed for the corresponding bromo- and chloro-adds (com- 
pare Johansson, A 1912, ii, 544). Contrary to expectation, there- 
fore, iodoacetic amd is more stable than bromoacetic acid (compare 
Drushel and Simpson, A., 1918, i, 57). The effect of the concen- 
tration of the metal ions on the velocity constant, C, is given by the 
equations C=0‘106[Na f> aud e=0'220[ba]o-2, where ba=4Ba. 

The reaction between iodoacetic acid or its salts and silver nitrate 
was also studied. The formation of silver iodide takes place much 
more quickly than the production of acid, and the author concludes 
that the most important reactions are represented bv the eouations • 
2CH,I-C(V + Ag‘ = CH,I-CO, - CH.-CO J + Agl and ^ • 


CHJ-COo'CH.j-CO,/ + Ag = 0<^H J>0 + AgL 

If the solutions are not too dilute, the formation of iodoacetylgly- 
cnihc amd takes place much more quickly than the formation of 
glycollide. Glycollic acid is then formed indirectly, or it may also be 
formed directly, according to the equation CH,I-C0,'+A? - 4.HO- 
OII-CHu-Cfy + H' + Agl. ' - t. S P 


ESect of Chlorine on Periodic Precipitation. (Missl A W 
Foster (J. Physical Chem., 1919, 23, 645 - 655 ).— When silver 
nitrate is allowed to diffuse into gelatin films containing potassium 
chromate, a series of concentric rings is formed, the spacing of 
which decreases with the distance from the centre. The appearance 
and spacing of these rings does not depend on the time which has 
elapsed between the formation of the gelatin film and the addition 
of the silver nitrate. If, however, a trace of chloride is present 
in the gelatin the appearance is altered. Making up the gelatin 
chromate solution with tap water is sufficient, to produce the change, 
i such a film is allowed to harden for three hours and then treated 
with silver nitrate, the rings are spiral in form and in groups of 
three If a little calcium hypochlorite is added to the gelatin and 
the him allowed to harden for an hour, narrow rings close together 
are formed by two precipitations. J. p g 

Some Problems in Contact Catalysis. Wilder D. Bancroft 

[irans. Amer. Electrochem. Soc 1919, 36, reprint).— A number 
0 specific cases of catalytic reactions are cited where a satisfactory 
explanation of the mechanism of catalysis is not available, and 
Iln e f’n Udy ° f t -* leSe is 3U SS ested - T ^ us , the reaction COCl 2 + 

„ 2 . ( 0-+ 2HC1 is, so far as is known, irreversible. In the pres- 
-lice ot excess of water the reaction goes to completion, but in the 
resence of concentrated hydrochloric acid the rate of hydrolysis is 

vol. crvin. ii. 4 
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negligible. A theory is suggested, but study is necessary to prove it 
Also, trichloromethyl chloroformate (superpalite) reacts as follows iu 
the presence of alumina: CC1 3 *0*C0C1 = C0 2 + CC1 4 , and in a 
presence of ferric oxide, CCl^O’COCl^gCOCU The reverse rea^ 
tion has never been made to take place to any extent. Yet, when 
some superpalite and ferric oxide were placed in a tube the reaction 
scon came to an apparent end. When the temperature was raised 
little the reaction went further and did not reverse on cooling p 
is suggested that this phenomenon was due to poisoning of the ferric 
oxide. Finally, some experiments by Lind are cited which may if 
desired, be regarded as the displacement of an equilibrium bv 
catalytic agent. If radium emanation is placed in water in the 
liquid phase, hydrogen and oxygen are formed and escape into the 
vapour phase; if the emanation is moved up into the vapour phase 
oxygen and hydrogen are caused to combine. Additional examples 
are cited and some interesting lines of experiments suggested. 

Chemical Abstracts. 


Catalytic Decomposition of Hydrogen Peroxide. Gosta 
Phragmen ( Mcdd . K. Yetend'apmhad. JYobtl-Inst., 1919 , 5 
No. 22, 1 — 13). — The rate of decomposition of hydrogen peroxide in 
alkali phosphate or sodium hydroxide solutions has been determined 
at 17 — 18°. In the phosphate mixtures, it is shown that the reac- 
tion velocity reaches a maximum at = 11-8. In alkaline hydr- 
oxide solutions, the velocity is not easily reproducible, and some 
times gives a large value and sometimes a small value. Since the 
velocity decreases with both increasing and decreasing hydrogen- 
ion concentration, it is assumed that hydrogen peroxide forms a 
salt with sodium hydroxide which is very stable, and that only the 
undissociated hydrogen peroxide molecules undergo decomposition. 
The decomposition of hydrogen peroxide by yeast extract in the 
presence of a phosphate buffer mixture has been determined at 
17 — 18°. It is shown that fresh yeast decomposes dilute hydrogen 
peroxide without sending a soluble enzyme into the surrounding 
liquid. The reaction is of the first order between certain limits, 
and the reaction coefficient increases proportionally to the quantity 
of yeast. The catalytic action per cell or per gram can be increased 
by treating the yeast with sugar solution before use. The reaction 
constant is no criterion of the quantity of catalase in the cells, 

J. F. S. 

Catalytic Actions at Solid Surfaces. II. Transference 
of Hydrogen from Saturated to Unsaturated Organic 
Compounds in the Liquid State in Presence of Metallic 

Nickel. E. F. Armstrong and T. P. Hilditch ( Proc , Hoy- Soc., 
1919, [A], 96 , 322-329. Compare A., 1919, ii, 403). — The 
evidence that metallic catalysts, during the hydrogenation process, 
interact primarily with the unsaturated organic compound, toge er 
with the resemblance of the whole process to enzyme action ( 
cit.), led to the consideration whether the catalytic action, h e 
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of certain enzymes, might not be reversible. Evidence in support 
of this view has now been obtained. At 180°, an equimolecular 
mixture of cycfobexanol and methyl cinnamate may, in the presence 
of nickel, be transformed into one in which about 10% of the 
cinnamic ester has become hydrogenated to methyl 3-phenyl- 
propionate, the cyrfshexanol being transformed into cyclohexanone. 
The experiments indicate that it is necessary that both components 
of the system should be present in the liquid state. A similar action 
took place to a certain extent at 230°, when the cyc/ohexanol was 
replaced either by dimethyleyciohexane or bv dihydropinene. 
Similarly, a mixture of ethyl stearate and methyl cinnamate when 
heated at 230° with catalytic nickel gave a product containing 
small quantities of methyl 3-phenylpropionate and ethyl oleate. 
An important point to note is that simultaneous dehydrogenation 
and hydrogenation have now been effected at temperatures not far 
removed from the general optimum hydrogenation range 
(170—180°), and that hydrogen has been transferred from one 
compound to another, instead of from one molecule to another of 
the same species, as was observed by Zelinski and Glinka (compare 
A., 1911, i, 870). 

There is no absolute proof that the mechanism of the change is 
not dependent on the production of hydrides of nickel, but the 
authors prefer to regard it as a further case of the catalytic 
equilibria, previously discussed, which may be indicated as follows : 


Saturated wj — f Saturated ~| 
compound [ compound, NiJ 

[ Unsaturated compound, Nil _ 
hydrogen i 


Unsaturated 

compound 


+ Ni + H S . 


The ultimate equilibrium will depend on the resultant of the vary- 
ing affinity for nickel of the saturated and unsaturated compounds 
involved. 

This view of catalytic hydrogenation and dehydrogenation affords 
some explanation of the products obtained (compare Moore, •/. Soc. 
Clem. Ind., 1919, 38, 320t) during the hydrogenation of un- 
ssturated glycerides, where partial isomerisation occurs. It is 
suggested that, in the hydrogenation of ethyl oleate, a portion of 
the freshly produced ethyl stearate in contact with the nickel under- 
goes dehydrogenation, the hydrogen liberated being transferred to 
more ethyl oleate, the ' dehydrogenated ethyl stearate” formed 
being the ethyl A 1 -oleate isolated by Moore (Joe. cit-.). W. G. 


Constitution and Structure of the Chemical Element. 

Hawksworth Collins (Chem. Sews, 1919, 119, 295 — 296), — - 
Single electropositive charges emanate from masses of 1 (hydrogen), 
7 (lithium), 23 (sodium), and 39 (potassium), also two electro- 
positive charges emanate from 4 (helium), of which one has been 
shown to emanate from a mass 3 (H. t ), hence single electropositive 
charges emanate from masses 1, 3, 7. 23, 39. Taking the first 
twenty-six elements, it is shown that twenty of these may have their 

4 * 
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atomic weights split up into the above-named numbers in such a 
way that the number of parts is the same as the maximum valency. 
All the parts are odd numbers, and the non-metallic elements ar 6 
characterised from the metallic by the presence of one or more 
portions (1 + 3) (helium). Electropositive forces are distinguished 
from electronegative forces by the following rule : an electropositive 
force emanates from each of the masses 1, 3, 7, 23, 39, except when 
an element has one or more portions (1 + 3), in which cases electro- 
positive forces emanate from these portions, whilst electronegative 
forces emanate from each of the remaining portions of the element. 
Hydrogen forms the connecting link in the structure of these 
elements. From tables given in tbe paper, it is shown that the 
longer the chain of -H-H 3 , the more volatile the element and the 
stronger the electronegative forces from the metallic portions. On 
this basis, the structure of the sulphur atom is given as 

I I 
I I 

in which Na represents 23, H represents 1, and H 3 3. The thick 
Hues represent electropositive charges, the curly lines electronegative 
charges, and the thin lines forces which are not chemically evident, 
but which have to be overcome before the element can he dis- 
integrated. The atomic number of sodium is 11, that of H and 
H 3 unity, which makes the atomic number of sulphur 16, which is 
in keeping with fact. The formula therefore shows the connexion 
between atomic weight, atomic number, and maximum valency, and 
distinguishes between electropositive and electronegative charges. 
The molecule K,S0 4 may therefore be represented : 


OK OK 0 

/\ 

Na-H-H — H-H H. 

\/ 

O 


J. F. S. 


A Model o! Radioactive Atoms. Torahiko Terada {Pm. 
Phys. Math. Soc. Japan , 1919, [3], X, 185— 195).— According to 
the recent view of atomic structure, an atom consists of a posJtive 
nucleus about which a number of electrons are revolving. The 
conception of the positive nucleus is slightly extended by consider- 
ing the case of two heavy nuclei with opposite charges reydving 
about the common centre of mass. Assuming a primary wit * 
larger mass having a positive resultant charge, and the secondarv 
of smaller mass charged negatively as a whole, and leaving ou 
consideration the ring electrons, it is evident that the two . 
of the nuclear system will exert on each other a mutua , 
analogous to the tidal action in the case of the gravitating p ^ 
system. Both members are considered to consist of a mi 
positive and negative elementary charges, bound toge e J 
unknown forces; also most of the positive charges are 



GENERAL AND PHYSICAL CHEMISTRY. ii. 105 

consist of two elementary charges, as in the case of a-particles 
When the tidal action exceeds a certain limit, the secondary may 
become unstable, and when the elementary charges in the two 
substances happen to take a definite configuration, one of the charges 
may escape and be projected from the nuclear system with the 
momentum possessed during the orbitual motion. If the negative 
secondary loses a positive charge by the expulsion of an a-particle 
the attraction of the primary will increase, and the orbitual velocity 
be accelerated. In actual radioactive transformations, the veloci- 
ties of the expulsion of the a-particles generally increase with 
SUCC 6 SS 1 V 8 transformations, although with soms exceptions. The 
tidal action will increase with the decreasing distance between the 
two nuclei, and consequently the chance of disruption will increase, 
because the chance of the a-particle stepping out of the critical 
threshold will increase. . The result will be the shortening of the 
life of the atom in question. This seems to suggest a poss?ble way 
of explaining Geiger and Nuttall’s law concerning the relation 
between, the average lives of radio-elements belonging to a dis- 
integration series and the velocities of the a-particles emitted from 
these elements. If the two members of the nuclear system gradu- 
ally . approach . each other by successive emission, a stage may be 
attained at which the two substances are amalgamated into one, pro- 
vided the resulting configuration is a stable one. When this’final 
stage is reached, the disintegration will be stopped and the end- 
product of the radioactive transformation will be reached. One of 
the simplest systems conceivable is proposed as a provisional work- 
ing model, and the consequences tested in the light of the available 
experimental data. Chemical Abstracts, 

Metals and Non-metals. A. Suits ( Proc . K. Akad. Wetensch. 
Amsterdam, 1919, 22, 119- 125).-The author explains the posi- 
tive charge of the chlorine electrode by assuming that the chlorine 
atom has the power of splitting off and absorbing electrons, and, 
further, that these two processes can take place side by side. This 
ym repre ^ ted — the et l uati ° ni > -I'Cl* - L'Xty + 2X0, .. and 
JU !c + tr0 c „ 27C1„', in which A' and I indicate the frac- 
tions of the chlorine molecules which have undergone positive and 
negative ionisation respectively. As the electrons which are 
absorbed in the second action proceed from the first, it is clear 
hat 1<X, but, chlorine being a non-metal, both fractions must 
e extremely small. If, then, it is further assumed that the 
negative ions almost exclusively pass into solution, the electrode 
nul. then possess a positive charge. Extending the above hypo- 
esis, the author shows that there is only a difference of degree 
between metals and non-metals, and not 'one of kind. If it be 
assumed that all elements can both split off and absorb electrons, 
en the factor X is comparatively large for metals and small for 
■ °?'®®t»ls, and for non-metals Y is exceedingly small. This view 
18 ■“ keeping with the large electric conductivity of metals and the 
SHa conductivity of non-metals. In the case of the metals, the 

4* — 2 
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positive ions have the greater solubility, and the negative ion s m 
the case of the non-metals. This is in keeping with the different 
electromotive behaviour of inetals and non-metals. The difference 
in solubility between the two ions is so great as to justify the 
assumption that only one kind is present in solution. Amphoterir 
elements probably send appreciable quantities of both positive ami 
negative ions into solution. J. F. S, 


Atomic Structure and the Periodic Law. Tycho E:sox 
Auren ( Uedd . K. Vetemlajmkad. Xobel-lnst., 1919, 5, No. 18, 
1_7).—A theoretical paper. The author’s experiments on the 
absorption of Rontgen rays (details not yet published) indicate the 
possibility of differentiating between the inner and outer electrons 
in the atom, the outer electrons being identical with the so-called 
valency electrons and playing a totally different role from the inner 
electrons. In accordance with this view, Kossel’s table (A., 1916, 
ii, 243) for the first twenty-three elements of the periodic system 
is modified. The number of electrons in the outer ring increasei 
from one in the case of hydrogen to seven in the case of nitrogen; 
it does not become eight in the case of oxygen, but four electrons go 
from the outer ring to the inner system; the number of outer 
electrons then increases to seven again for sodium, whilst, for mag- 
nesium four more electrons go from the outer to the inner system, 
aud so on. The consequences of these conceptions are discussed, 
special reference being made to the valencies of the elements ia 
the various groups. For example, it is argued that sulphur should 
be bivalent; the existence of S0 3 and SF„ is no definite proof of 
the sexavaleiicy of sulphur, since the former can be represented 

by a ring structure and the latter as p^>F - S'F<^j, q g p 


Atomic Numbers . Hawksworth Cor.r.ixs ( Ckem . News, 1819, 
119, 285 — 287). -The author considers the atomic weights 
(nearest whole number), atomic numbers, and valencies of the first 
twenty-eight elements, taken in order of their atomic weights. It 
is shown that, with four exceptions (glucinum, nitrogen, scandium, 
and cobalt), when the atomic weight is represented by an even 
number, the maximum valency and the atomic number are bot 
represented by even numbers, and when the atomic weight is repre- 
sented by an odd number, the valency and the atomic number are 
also represented by odd numbers. Further, the elements, wi 
the exceptions named, follow one another alternately odd an ese 
The probability that this condition of things has happened acenM' 
ally is 1 : 4‘*. 'The reason for the odd and even rule is shown 
he as follows. If the atomic weight of an element- be split up “ 
3's and l’s alternately, always commencing with a 3, the n 
of portions obtained gives the atomic, number, and s 0 
atomic number be an even number, the atomic weig ^ 

necessity be an even number, but if the atomic number is , 

atomic weight must also be odd. The atomic num er i. 
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obtained as follows. If the atomic weight is an even number, the 
atomic number is one-half of the atomic weight, but if the atomic 
weight is an odd number, the atomic number is one-half of the 
atomic weight from which 1 has been subtracted. J. F. g 

The Mathematical Possibility of Increasing the Yield 
or of Reducing the Proportion of the Reacting Substances 
in certain Chemical Reactions. Angel Perez Hernandez 
(And. Fis. Qnim., 1918, 16, 309-317). -An elementary mathe- 
matical method is illustrated for the construction of chemical equa- 
tions in which two or more reactions are simultaneously involved. 

W. S. M. ’ 

Some Biographical Notes on Hermannus Follinus W P 

Jorissen (Chem. Weekblad, 1919, 16, 947— 951).- The biographer 
gives a very brief sketch of Hermannus Follinus, who was born in 
Friesland, circa 1590, and joined the medical faculty in Cologne, 
where he died of the plague iu 1622. He was the author of “Den 
Nederlandtsche Sleutel van’t Secreet der Philosophie ” (Key to the 
Secrets of Philosophy), “ Physiognomic, ' and “ Simonides, ofte die 
Memori-const” (Science of Memory). \V. J. W. 

An Apparatus for Preparing in a Very Short Time 
Homogeneous Liquid Mixtures. Pierre Jolirois ( Compt.rtml ., 
1919, 169, 1095— 1098).— A simple apparatus is described comsisb 

Y ing essentially of two containers, one for each of 
the liquids to be mixed, arranged so as to deliver 
into the two limbs of a Y-tube of the pattern 
shown the liquids in the requisite proportion. 
The diameter of the Y-tube is 6'2 mm., and the 
lower limb has a restriction as shown 1'5 mm. in 
diameter and 2 cm. long. With such an ap- 
, . , paratus a homogeneous mixture may be obtained 

:rom two miscible liquids in 1 /100th of a second. W. G. 

Elan's Suction Pump. L. Th. Reicher (Chem. "Weekblad., 

\ . ’ *®> 951 956). — This apparatus embodies tile principle of 

jeissler s suction pump, but the operation of filling the vessel in 
'ommumeation with the. apparatus which has to be exhausted, by 
j! ! , n e a second vessel periodically, is avoided. Special features of 
f man s pump are a “ vacuum reservoir,” containing air-free, 
oncentrated sulphuric acid, and a drying device also filled with that 
iquid . A sketch of the complete apparatus is given and its mode of 
'Peration described. \y. J. W. 
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Inorganic Chemistry. 


Model of a Triatomic Hydrogen Molecule . N . Bohr (Jfey 
K. Vetenskapsakad. A'obel-Inst., 1919, 5, No. 28, 1 16). -A theo- 

retical paper in which it is shown that triatomic hydrogen consists 
of three nuclei and three electrons. The electrons rotate at equal 
angular intervals in a common circular orbit, whilst the three nuclei 
are° placed on the axis of this orbit. It is shown that H 3 cannnt 
be formed from H 2 molecules without the supply of energy fr om 
external sources. On the other hand, it is shown that in hydrogen 
gas which is ionised by external agencies, molecules of H 3 may h e 
formed by successive processes, each of which is accompanied by the 
production of heat. J- T. S. 

The Solubility of Sulphur Dioxide in Sulphuric Acid 

Frank Douglas Miles and Joseph Fenton (T., 1920, 117, 
59—61). 


Some Points of View concerning the Nitrogen Question 
and Related Problems. L. Hamburger (Chem. Weekblnd, 1919, 16, 

560 595).— An amplified version of a lecture delivered before tie 

Algemeen Bestuur der Nederlandsche Chemische Vereeniging on 
July 13th, 1918. w - S. M. 


Electrochemical Reactions of Nitrogen and the accom 
panying Spectroscopic Phenomena. L Hamburger (Chen- 

II 'eeWad, 1918, 15, 931— 942).— A mixture of nitrogen and hydro- 
gen in stoicheiometrical proportions under a pressure of 12 mm. of 
mercury was passed through a quartz capillary tube and subjected 
to a direct-current discharge of 12 amperes per square cm. A yield 
of 109 mg. of ammonia per kilowatt-hour was obtained. Reduction 
of the current density and simultaneous increase of the time of 
exposure to the discharge gave much smaller yields. The conditions 
for a high yield of ammonia thus correspond with those necessary 
for the formation of activated atomic nitrogen and hydrogen. Tie 
discharge through mixtures of nitrogen with hydrogen oxygen, 
and carbon monoxide was examined spectroscopically. In even 
case evidence of the disruption of the molecules and f»™ atlon 0 
new compounds, such as cyanogen, was obtained. W. 8- * ■ 


The Dissociation Constant of Nitrogen Peroxide. Eccto 

Wocrtzel ( Compt . rend., 1919. 169, 1397 1 400 );TI^ S . 3 
measurements at temperatures between 0° and 86 5 i 
that the variation of the dissociation constant with the temp . 
is given by log A'/7’=8-9908 -2810'5/f, and calculated fro® 
the heat of polymerisation is 12,850 cal., exact to 0 0 A- 

Luminescence and Ionisation in the Oxi&aji ob^ 
Phosphorous Oxide. Herman Rindf, [Arkiv Kem . ■ . n 
1917-18, 7, No. 7, 1 — 21). — A mixture of os.ygen an 
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dioxide, dried by means of sulphuric acid, calcium chloride, and 
phosphoric oxide, and warmed to a suitable temperature, is passed 
through two absorption bulbs containing phosphorous oxide, with 
the vapour of which it becomes saturated. No luminescence takes 
place with the dried gas, but when the mixture is led over the 
gurface of water contained in a test-tube, luminescence appears. 
The absorption bulbs and test-tube containing water were immersed 
in a thermostat at constant temperature, and the total intensity of 
the luminescence was measured photographically by means of a 
Martens’ photometer. 

There is no luminescence in pure carbon dioxide, but the addition 
of oxygen causes the phenomenon to appear, and its intensity is 
greatest in mixtures containing 5% of oxygen. With increase in 
the percentage of oxygen the intensity decreases and attains an 
approximately constant value between 50% and 100% oxygen (com- 
pare Scharff, A., 1908, ii, 373). When a tube, 3'75 metres long, is 
inserted between the absorption bulbs and the teshtube, the intensity 
of the luminescence is about the same for mixtures containing a low 
percentage (about 5%) of oxygen, hut it rapidly diminishes with 
increasing oxygen content to a lower value than before the tube was 
inserted. At the same time the tube becomes covered with a 
deposit of phosphoric oxide. These results indicate that the phos- 
phorous oxide is oxidised without luminescence by the dry oxygen, 
and that the diminished luminescence with mixtures containing high 
percentages of oxygen is due to the fact that the gas coming into 
contact with the water-vapour contains much less phosphorous 
oxide. 

According to Scharff ( lor, . cit.), the merest trace of water-vapour 
is sufficient to cause luminescence, but, the author finds that when 
the vapour pressure of the water-vapour is diminished, as, for 
example, by using concentrated sulphuric acid instead of water, the 
luminescence becomes very feeble. 

As with all gas reactions, t.he width of the test-tube containing 
tie water affects the intensity of the luminescence. The wider the 
test-tube the less the luminescence. 

_ Th e author suggests that in drv oxygen phosphorous oxide is 
directly oxidised to phosphoric oxide, hut that in moist oxygen an 
intermediate compound, X, is formed, according to the equation 
PA, + H,0 -i 0, — > X — V H..PO,. 

Ionisation does not occur in a gas free from oxygen , but contain- 
ing phosphorous oxide. In the presence of oxygen ionisation takes 
place, and the author ha: measured the saturation current (compare 
Harms, A., 1904. ii, 331; Bloch, A., 1905, ii, 72). The ionisation 
is not a photoelectric effect, as shown by measurement of the satura- 
tion current with different ele-ctrodes, but is caused by the oxidation 
°f an unknown intermediate product formed from phosphorous 
oxide and water vapour. The mobility of the ions is small com- 
pared with that of ordinar v gaseous ions, but of tbe same order as 
that obtained for the ions formed in the oxidation of phosphorus 
(compare Harms and Bloch, loc. cit-.), and it is very probable that 
the iens are produced by the same reaction in both cases. T. S. P. 
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Some Chemical Characters of Ancient Charcoals, t 

Cantrill ( Archaeol . Cambrenm, 1919, 365 — 392). — Although the 
pieces of charcoal or charred wood found during archeological exea. 
vations are more readily attacked or dissolved by such reagents as 
nitric acid and potassium chlorate, and hypochlorite solution, thus 
differing from modern, well-burnt charcoal, the author consid ets 
that the solubility, etc., of some of the ancient charcoals is simply 
due to their incomplete carbonisation, and that there is doubt that 
they were produced by the agency of fire. The situations in which 
certain of the charcoals are found negatives the opinion that the 
blackening of wood was due to the action of peaty soil. W. P, g. 

Artificial Production of Diamond. Sir Charles Alqeexox 
Parsons {Phil. Trans., 1919, .1, 220, 67 — 107).— Bakerian lecture. 
It is shown from experiments that all the hydrocarbons, chlorides of 
carbon, and oxides of carbon deposit amorphous carbon or graphite 
on a carbon rod electrically heated at any pressure Up to 4400 atms, 
and in a few cases up to 6000 atms. At 15,000 atms. carbon and 
graphite electrically heated are either transformed into soft graphite 
or are first vaporised and condensed as such. The experiment of 
compressing a mixture of acetylene and oxygen and the production 
of a temperature in excess of that required to vaporise carbon, 
accompanied by a momentary pressure of 15,000 atms., shows that 
the failure to convert graphite into diamond is not due to lack of 
temperature. The experiment of firing a high-velocity steel bullet 
with cupped nose through vaporising carbon into a hole in a block 
of steel raises the pressure momentarily to 300,000 atms. and the 
temperature probably 1000°. but the fact that only a few minute 
crystals resembling diamond were produced (probably from the 
iron) leaves a doubt as to whether the duration of the pressure was 
sufficient to start a recognisable transformation of graphite to 
diamond. A repetition of many of the experiments, in which 
diamond has been claimed to be formed, has given negative results 
except where iron has played a part. A list of the experiments 
tried together with conditions and results is given in an appendix 
to t.he paper. In repeating Moissail’s experiments it is shown that 
when a crucible of molten iron is subjected to pressure more than 
three times as great, as ean be produced by these contractile forces, 
the yield of diamond is not increased ; on the other hand, if the 
occluded gases are imprisoned, then the yield of diamond is about 
the same as when the crucible is plunged into water, whilst if the 
conditions are such as to allow a free passage of the gases thioug 
the skin of the ingot the yield is at once reduced, even though t e 
bulk pressure on the ingot is the same. Experiments in vacuum, 
from 75 mm. to V - lay vacuum, show generally that as the pressure 
is decreased the yield of diamond is diminished, and below j ™'’ 
no diamond could be detected. The greatest percentage of dljmon “ 
occurred when the atmosphere round the crucible consiste o s’ 
carbon monoxide, 1% hydrogen, 2% hydrocarbons, 2% nitrogen, 
weight of diamond is about 1 / 20,000 of the weight of the irol j’ , 
appears that the formation of diamond in rapidly cooling iron 
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nlace when it is solid or in a plastic condition or even at a lower 
temperature. The rapid pitting of a diamond in highly carburised 
iron just above its melting point is so pronounced that the largest 
diamond hitherto produced artificially would be destroyed in a few 
seconds if the iron matrix were molten. The experiments indicate 
that the bulk pressure on the metal doe3 not play a part in the 
formation of diamonds, but that the previous heat treatment, the 
impurities in the iron, and the condition of the gases within the 
metal are the important factors. The iron in the most successful 
experiment has a concentration of diamond 270 times as great as 
the blue ground in the South African mines. J. F. S. 

Production of Carbon Monoxide in the Flames of Gases. 

Andb£ Kling and Daniel Florentin ( Compt . rend., 1919, 169 , 
1404 -1406). — A number of gases, the carbon monoxide content of 
which varied from 0% to 60%, were burnt at differing types of 
burners in a large chamber, and the carbon monoxide in the air was 
estimated at the end of one hour. The results indicate that the pro- 
duction of carbon monoxide is due principally to the sudden cooling 
of the flame. For a given type of burner the amount of carbon 
monoxide present in the gas to be burnt is without influence on the 
amount present in the products of combustion. The Auer burner 
produced comparatively large amounts of carbon monoxide, this 
production being due apparently to the presence of the incandescent 
mantle. The hourly production of carbon monoxide with certain 
common types of burners is sufficiently high to warrant further 
efforts to improve them. W.,£r. 

Atomic Structure of Metals in Solid Solution. A. L. 

Feild (Chem, and Met. Eng., 1919, 21 , 566 — 570). -The reason for 
the difference in physical properties of solid solution ajloys and their 
components has been investigated. It is concluded that the alloys 
retain in the solid state the same atomic structure as in the liquid 
state, the metals being in the amorphous form. Such a solid 
solution is analogous to a supercooled liquid with the same electrical 
resistance and temperature-coefficient, of resistance as in the molten 
state. Experiments with alloys of nickel and chromium, and of gold 
and silver, confirm this theory. It does not apply to eutectic alloys. 
The hardness of alloys is also ascribed to an amorphous state. 

W. J. W. 

Transition of Dry Ammonium Chloride. Alexander 
Sjiith, Herbert Eastlack, and George Scatchard (./. Amer. 
Chem. Soc., 1919, 41 , 1961 — 1969). — Time-temperature curves, 
both heating and cooling, have been made for absolutely dry ammon- 
ium chloride with the object of ascertaining whether the dry mate- 
rial changes into a second crystalline form at 184'5°. as does the 
undried material. It is shown that ammonium chloride which has 
been dried for forty-five days at 155^165°, or for three years with 
phosphoric oxide in a high vacuum, undergoes exactly the same 
transition at 184'5° as the undried salt. In the thermal measure- 

4 ** 
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ment of transition points in a high vacuum confusion may result 
from the greater thermal effects of distillation. Wegscheiders 
explanations of the anomalous vapour density of dried ammonium 
chloride by a failure to undergo transition in the absence of water 
are untenable in the light of these results (A., 1918, ii, 298). 

J. F. S. 

Lit hi um Silicate. K. Alb. Vesterbekg (Medd. E. Vetens- 
kapsakad. Nobel-Inst ., 1919, 5 , No. 30, 1 — 9). — Amorphous silicic 
acid, which has been dried at 100°, dissolves slowly in a fairly con- 
centrated (approx. 2.V) solution of lithium hydroxide at the ordin- 
ary temperature, giving finally a solution containing 3'4 mols. of 
SiO- to 1 mol. of Li^O. Thus lithium behaves similarly to potassium 
and sodium in giving soluble silicates containing a large excess of 
acid over the base (compare A., 1915, ii, 344; also Jordis and 
Kanter, A., 1903, ii, 475, 542, 595; Jordis, 1908, ii, 291; Ordway, 
1908, ii, 37). In warm lithium hydroxide solution, however, silicic 
add is almost insoluble, the acid being transformed into a practi- 
cally insoluble lithium silicate. 

Lithium metasilicate occurs in two modifications, the one easily 
soluble and the other almost insoluble. The latter, which has tie 
formula Li 2 Si0 3 ,H 5 0, is obtained as a white, granular precipitate 
when a fairly concentrated solution of sodium metasilicate is mixed 
with the equivalent quantity of lithium chloride, lithium hydroxide 
added in approximately normal concentration, and the solution 
heated for a short time at 80—90°. It can also be obtained by 
dissolving silicic acid, which has been dried at a temperature not 
higher than 100°, in twice the theoretical amount of 2.V-lithium 
hydroxide solution at the ordinary temperature, and then heating 
the solution for a short time at 80°. T. S. P. 

A New Physicochemical Method of Analysis of Precipi 
tates. Application to the Study of the Calcium Phosphates. 

Pierre Jolibois (Compt. rend., 1919, 169, 1161 — 1163).— The two 
solutions, from which the precipitate is obtained, are very rapidly 
mixed by means of the apparatus previously described (this vol, 
ii, 107), and the precipitate is collected and analysed and the super- 
natant liquid is also analysed when equilibrium has been reached. 
Applying this method to" the study of mixtures of solutions of 
calcium hydroxide and phosphoric acid in varying proportions, the 
author has prepared and characterised a new calcium phosphae 
having the composition llCaO . I’.O- ^K'aO.PyOjTOHoO. This p os 
phate occurs in a crystalline form, and in the presence of excess o 
phosphoric acid is slowly converted into the dicalcium phosphae. 


Research on Magnesia Alba by Joseph Black, P 
Driessen and Others. W. P. Jorissbx (Chm. Weekbkd, m 
16 , 1579— 1589V— The author gives a retrospect of the res t* 
of Joseph Black on magnesia alba, which led to his lllsc ° v ? • , 
carbon dioxide (“ fixed air ). The methods ot prepsr 
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magnesia alba, described in the literature on the subject, are varia- 
tions of the original experiments of Black, Driessen, and other 
investigators of the eighteenth century. W. J. W. 

Zincates of Sodium. Equilibria in the System 
jfa O'ZnO'HaO. F. Goudriaan (Proc. E . Akad. Welensch. 
Amsterdam, 1919, 22, 179 — 189). — The solubility isotherm in the 
system Na 2 0-2In0'-H20 has been completely determined at 30° by 
dissolving zinc oxide in solutions of sodium hydroxide of various 
concentrations and determining the solubility. The following sub- 
stances appear as stable, solid phases: zinc oxide, sodium zincate, 
Na>0 Zn0,4H 2 0, and the monohydrate of sodium hydroxide. 
Sodium zincate forms very strongly incongruent solutions ; in solu- 
tions containing 1 part of sodium hydroxide to 2 parts of water, it 
is decomposed, with separation of zinc oxide. Amorphous, gelatinous 
zinc hydroxide is to be regarded as a phase of a varying water con- 
tent; it is impossible to remove all adsorbed ions from it, and it is 
metastable as regards zinc hydroxide. In special circumstances zinc 
hydroxide may be obtained as a crystalline phase of the constant 
composition, Zn(OII) 2 . This crystallised hydroxide is metastable at 
30° with respeot of zinc oxide. J. F. S. 

Reguline Lead Peroxide. Wilh. Palmaer (Medd. K. 
Yetemkapsakad. Nobd-lnst., 1919, 5, No. 31, 1 — 15). — Compact 
lead dioxide has been prepared by the electrolysis of lead nitrate 
solution. The product is greyish-black in colour and has a pro- 
nounced crystalline appearance, and contains no impurities; it has 
a hardness 5 — 6 and I) 9 360. In all respects it is similar to the 
mineral plattnerite. The specific resistance at 18° is 0*000845 ohm 
and the specific conductivity 1180 ohm - * 1 . The temperature- 
coefficient of the conductivity is 1/8% per degree. J. F. S. 

Aluminium Spontaneously Oxidisable in the Air. E. 

Koiin-Abrest ( Compt . rend., 1919, 169. 1393 — 1395). — Attention 
is drawn to the fact that when aluminium is distilled in a vacuum 
at 1100°, the globules of aluminium remaining nndistilled at the 
end of sixteen to twenty hours, when exposed to the air at the 
ordinary temperature, undergo spontaneous oxidation, giving a 
yellowish-grey powder, which is a mixture of the oxide and the 
finely divided metal. This aluminium only contained 0‘4% of iron 
and 0*5% of silicon. W. G. 

Chemical Method for the Determination of the Strength 
of Sparingly Soluble Inorganic Bases. K. A. Vesterberg 

{Arkiv. Kem. Min. Geol., 1917, 6, No. 11, 1—20).— The deter- 
mination of the hydrolysis of salts of sparingly soluble inorganic 
bases by electrometric methods and methods depending on the 
inversion of sucrose or the hydrolysis of esters has given very vary- 
ing results, according to the methods used (compare Denham, T., 
1908, 93 , 41: Lunden, A. 1908, ii, 164). Farmer’s method (T., 

4** — 2 
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1901, 79, 863) for the determination of hydrolysis does not gj Ve 
correct values, owing to the disturbance of the hydrolytic equip 
ibrium by the partial extraction of the one product of hydroly s j s 
In the case of cobalt acetate, for example, too little acetic acid is 
extracted. The author makes use of Farmer's method, but modifies 
and corrects it as follows. The solution is extracted with twice its 
volume of ether; the same ethereal solution is again used to extract 
half its volume of a fresh solution of cobalt acetate. This process 
is repeated until the concentration of the ether phase becomes 
constant with respect to acetic acid, showing that it is in equil- 
ibrium with hydrolysed cobalt acetate solution, in which base and 
acid are present in equivalent proportions. The percentage hydro- 
lysis can then he readily calculated. Usually, the concentration of 
the ether phase becomes constant after three extractions. 

Corrections have to he made for the increase in volume of the 
aqueous phase by solution of ether, and the ether and salts used 
have to he specially purified. If the acetate is difficult to obtain 
pure, accurate results can be obtained by using a solution of the 
sulphate or nitrate to which an equivalent quantity of sodium 
acetate has been added. 

The determinations were carried out at 18°, the distribution 
coefficient of acetic acid between ether and water being taken as 
2-1. The results obtained for percentage hydrolysis were as 
follows: .V/2-cohalt acetate. 0 19; 375 , 0 165; -V / 2-nicltel acetate, 
0 435 ; .V/5, 0'38. It follows that, cobalt hydroxide is a stronger 
base than nickel hydroxide, anil this agrees with the stabilities of 
their sulphates. The fact that tile hydrolysis is greater in the 
stronger solutions may be due to the greater salting-out effect of 
the acetate on the acetic acid. 

The hydrolysis of lanthanum acetate in .V /5-solution was OSK 
and in A/lO-solution 0-286°fi. the value 0-31% being taken as correct 
for both solutions, the differences being within the error of experi- 
ment Lanthanum acetate was found to have HH,0 of crystal- 
lisation, the solubility at 18° being 2043 grams of the anhydrous 
salt in 100 grams of water; it loses 1ILO at 100°. T. S. P. 


A New Complex Form of Chromic Sulphate. A. Recociu 
(Com pi. rend., 1919, 169. 11G3 1166).-When a .Y/2-solutioi. of 
chromic sulphate is allowed to remain until equilibrium is reached, 
in so far as the formation of the green sulphate is concerned, ana 
then evaporated to saturation point in a vacuum on the addi bod 
of an excess of alcohol a lilac-grey precipitate is formed l ™- 
precipitate is immediately collected and washed with a 1 . ' 

it is found to contain 1 811,0 and to have the whole of* 
precipitable by barium chloride. It changes, 0 
taneously and rapidly when exposed to the am . and .aUh ^ 
the day contains only 16H,,0, and gives no precipi to 

chloride. If left in a desiccator, its water content fin. % ^ 
12H,0. The constitution of this new complex sulpha ^ Q 
yet heen determined. 
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Method of Obtaining, and Optical Study of, Crystals of 
Sodium Chromate Tetrahydrate. Lucien Delhaye (Bull. Soc. 
f rari r. min., 1918, 41, 80 — 92). Deliquescent monoclinic crystals 
5 ram. in length can be obtained by allowing a solution of sodium 
chromate saturated at 50° to cool to about 27°, filtering, and keep- 
juff for several days with occasional shaking. The refractive 
indices, optic axial angle, dispersion, etc., have been measured for 
li^ht of various wave-lengths. Chemical Abstracts. 

Chemistry of Quinquevalent Tungsten. Oscar 0:son 

Collenbbrg (Arkiv. Kem. Min. Geol., 1918, 7, No. 5, 1 — 35). — 
Solutions of tungstic acid and alkali tungstates in oxalic acid or 
alkali oxalate solutions are readily reduced to quinquevalent 
tungsten derivatives. From the solution of tungstic acid in oxalic 
acid, pure, solid reduction products could not be isolated, but if 
the solution is saturated with hydrogen chloride and then treated 
with a solution of rubidium chloride in concentrated hydrochloric 
acid, the compound dimhidiitm pentachlorotungstite, Kb 2 WOCl R , 
crystallises out in very good yield. When a solution of an alkali 
tungstate in oxalic acid solution containing a slight excess of alkali 
oxalate is reduced with tinfoil, the colour passes through dark blue 
and becomes green, yellowish-green, and finally red. On cooling 
the highly concentrated solution, oxalic acid, alkali oxalate, and 
tin oxalate separate. The tin is removed by hydrogen sulphide 
from the solution, and, on adding alcohol, a dark reddish-brown 
powder separates. On dissolving the powder in water and adding 
an excess of alkali iodide or bromide, it is obtained pure. _ In this 
way, the omlo-lvn ostites of sodium, potassium, and ammonium have 
been prepared. The potassium salt has the formula 
3K,0,2W a 0 3 .4C 2 0 3 .9IIoO, 

whilst the sodium salt is similar, except that it contains 12H 2 0. 
The oxalo-tungstites are suitable substances for the preparation of 
other quinquevalent tungsten derivatives. They dissolve readily in 
hydrochloric acid to produce deep blue solutions, from which the 
oxy-chlorides of quinquevalent tungsten may be separated. They 
are soluble in potassium thiocyanate solution, producing deep red- 
coloured solutions; they dissolve in concentrated hydrofluoric acid 
solution, producing violet solutions. On boiling with potassium 
cyanide, yellow solutions are obtained, from which double cyanides 
of the type M 4 W(CN) 8 may be isolated. The alkali oxalo-tungstites 
may be converted into chloro-tungstites by the following methods : 
(a) by treating the hydrochloric acid solution of an alkali (K or 
NH 4 ) oxalo-tungstite with hydrogen chloride, (?>) by adding 
chlorides (rubidium, ccesium, aniline, tetraethylammonium, and 
tetrapropylammonium) to the hydrochloric acid solution of an 
oxalo-tungstite, and (c) by adding either pyridinium chloride or 
quinolinium chloride to a solution of ammonium chloro-tungstite 
in concentrated hydrochloric "acid. By these methods, derivatives 
of the types: (i) M 9 W0Cl ft (M = NH 4 . Rb, Cs, C 6 H r ,’NH 3 ), 

'(ii) M,WOCl Gl rH 2 0(M=K), 
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(iii) MW 0 C 1 4 (M — C-H.-NH, C 9 H 7 NH), and (iv) MWOC1 4 ,H,0(M= 
[C,H 5 ] 4 N, [C 3 H ; ]jN), have been prepared. All the derivatives 
obtained have been shown by titration with potassium perman- 
ganate or by titration with iodine and arsenious acid to contain 
the tungsten in the quinquevalent condition. The chloro-tung$tit e , 
are finely crystalline powders ; they are quite stable in dry air. l^t 
at 60 — 70° are oxidised, turning blue, and eventually quite white 
They are hydrolysed by water, and a reddish-brown hydroxide is 
produced. In the case of the less soluble compounds, for example 
the caesium salt, Ca,\VOCl-, the hydrolysis is not complete. The 
chloro-tungstites are soluble in concentrated hydrochloric acid, and 
in the case of the metal derivatives the solubility decreases with 
increasing atomic weight; they are insoluble in most organic 
solvents, excent in the case of the rubidium and caesium derivatives, 
which are soluble in absolute methyl and ethyl alcohol. The sola! 
bilitv in methyl alcohol is very much greater than in ethyl alcohol. 
Oxidising agents convert the chloro-tungstites into sexavalent 
tungsten derivatives. A vigorous reaction takes nlace on treatment 
with potassium cyanide, with the production of double cyanides of 
the type M 4 W(CN) g . The compounds of the type (iii) and (iv) are 
regarded as derivatives of metatungstous acid, O.AV-OH-a- 
Cl 4 W-OH, whilst those of types (i) and (ii) are regarded as deriv- 
atives of orthotungstous acid, W(OH-,) — > (HO) 2 W(OH ) 3 — > 


R^WWCI. For the special description and preparation of the 
HCr 3 

individual chloro-tungstites, the original should be consulted. 

J F. S 


Decomposition ol Stannous Chloride by Water and by 
Potassium Hydroxide Solutions. C. II. Carsox (J. Am. 
Chem. Sec., 1919. 41, 1969 — 1977).— Making use of the principles 
of the phase rule, the author has investigated the action of water 
and potassium hydroxide on stannous chloride. The experimental 
results show that' the compound. 2SnCL.7Sn(OII),, is the most basic 
of all the basic stannous chlorides. A slightly variable, crystalline 
material of approximately the formula 3SnCl.„5Sn0,3H,0 is the 
precipitate commonly formed bv the action of boiling potassium 
hydroxide on an excess of stannous chloride, and there is no com- 
pound of intermediate composition. Whether any basic compound 
lies between 3SnCl.,.5Sn0,3H.,0 and the normal salt was not deter- 
mined The precipitates usually formed by the action of water on 
stannous chloride contain such a large proportion of stannic com- 
pound that the analyses are of no value in ascertaining the compos, 
tion of the basic stannous chlorides. 1 

The Peroxides ol Bismuth. Richard r ° bert 
Worsley and Phit.ip ^ ilfred Robertson ( ■* 

63- -67). 

Behaviour of Hydrogen towards R Rodi “ 1 "' 

and 0. Ma.sch (Her.. 1919, 52. (B], 2275 - 2280 ).-The expe 
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ments were performed in the same manner as with palladium, 
iridium, and platinum (A., 1913, ii, 608; 1919, ii, 367, 368). The 
results may be summarised in the following manner. The deep 
black modification, rhodium-black, is able to absorb far more 
hydrogen than any other form. The maxima of hydrogen absorp- 
tion amounted to 180 volumes at 190° for the greyish-black form, 
165 volumes at 40° for the slightly greyish-black variety, and 206 
volumes at 0° for the deep black modification. (The varieties are 
obtained in the order given by the reduction of sodium rhodium 
chloride by hydrazine in faintly acid, neutral and ammoniacal solu- 
tion respectively ; the purest preparations, dried in a vacuum over 
phosphoric oxide, contained about 3% of water and 0’3% of 
oxygen.) The absorption of hydrogen by rhodium is much less 
than by palladium, and corresponds with that observed with 
platinum. Spongy rhodium, like spongy platinum, only absorbs 
small amounts of hydrogen, H. W. 


Mineralogical Chemistry. 


Hausmannite in the Batesville District, Arkansas. H. D. 

Miser and J. G. Fairchild ( J . Washington Acad . Sci., 1920, 10, 
1—8). — The abundant manganese ores of this district consist of the 
oxides psilomelane, hausmannite, braunite, manganite, pyrolusite, 
and wad, the first two, which occur intimately intergrown, being the 
commonest. They occur as irregular masses, weighing from less than 
a pound to 22 tons, embedded in clay, limestone, shale, sandstone, 
etc. The hausmannite, however, occurs as a replacement material 
only in the limestone, and as a residual material in clay derived 
from limestone. Analysis I is of a sample from the W. T. Gray 
mine near Pfeiffer, and II from Club House mine, near Cushman; 
they correspond with hausmannite (Mn 3 0 4 ) with 13% and 31% 
admixed psilomelane respectively. 



MnO. 

0 . 

Fe,Oj. 

AloO s . 

SiO r 

CaO. 

I 

91-38 

7-78 

Nil. 

Nil. 

Nil. 

Trace 

II 

90-40 

8-87 

0-48* 

0-10 

Trace 


MgO. 

BaO. 

h 3 o. 

Total. 

Sp. gr. 


I 

Trace 

0-26 

0-62 

100-04 

4*836 


n 

Trace 

Nil. 

103 

100-88 

4-778 



* Fe 3 0 3 trace. 


The 1 braunite’ described by Penrose in 1891 is shown to be such 
a mixture of hausmannite and psilomelane. Braunite is readily 
distinguished by the fact that it yields considerable gelatinous 
silica. L. J. S. 
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Analyses of Dolomites. Albert Rothrock and J . B. Shumakeb 
(Chem. Sews, 1920, 120 , 29— 31). — 1 The following analyses of d 0 i 0 . 
mite rocks and dolomitic limestones from various localities show 
considerable variations from typical dolomite, CaMg(C0 3 ) 2 , which 
contains CaC0 3 54 35%, MgCO a 45-65%. I, white, compact,' crystal, 
line, from Ossining, New York. II, dark grey, massive, from Cum. 
berland. Ill, light-coloured, massive, from Cerro Gordo, Inyo Co 
California. IV, grey, compact with conchoidal fracture” from 
Frankenstein, Silesia; this approaches magnesite. V, white, com. 
pact, and crystalline, resembling marble, from near Keeler, Cali- 
fornia. VI, greyish-white, crumbly, and saccharoidal, from the 
Binnenthal, Switzerland. VII, hard, compact, from Gerolstein, 
Rhine. VIII, light colour with pearly lustre, from Costa da Val 
Tyrol; 2CaC0 3 ,MgC0 3 ,FeC0 3 . IX. greyish-white, compact, from 
New Almadin, California. X, light grey, granular, and porous, 
from Raible, Carinthia. XI, grey, large crystals, from Brewster’s' 
New York. XII, a, outer layer of pale pink crystals, 6, i D , IH 
portion of dark grey crystals. XIII, grey from ‘ The Dolbmites,’ 
Tyrol. XIV, from the Brenner Pass. 



CaC0 3 . 

MgCOj. 

Fe 2 Oj. 

AIjO,. 

SiOj. 

Total. 

Sp. gr. 

I. ... 

.. 51-97 

37-40 

0-20 

Trace 

10-61 

100-18 

2-93 

11. ... 

.. 57-59 

24-98 

16-05 

0-87 

0-30 

100-05 

2-88 

IIL ... 

.. 87-88 

11-85 

0-09 

— 

0-06 

99-88 


IV. ... 

.. 27-0-4 

67-91 

3*71 

0-73 

0-13 

99-52 

2-9 

V. ... 

.. (16-08 

Mo 

0-06 

— 

32-57 

99-86 

2-7 

VI. ... 

.. 49-00 

40-23 

0-48 

— 

10-84 

100-55 

2-85 

VII. ... 

.. 52-93 

44-33 

0-80 

0*22 

1-23 

99-51 

2-82 

VIII. ... 

.. 49-59 

24-50 

2-36 


012 

100-01* 

3-01 

IX. ... 

.. 53-28 

45-18 

8*57 

— 

0-4 

100-11 ? 

2-8 

X. ... 

.. 54-64 

45-18 

Trace 

0-28 

0-23 

100-33 

2i7 

XI. ... 

.. 59-98 

36-83 

2-44 

— 

0-33 

99-58 

2-9 

XIIo. ... 

.. 50-63 

41-37 

1-18 

0-63 

0-23 

100-04 

_ 

XII&. ... 

.. 57-18 

36-83 

0-89 

1-10 

3-96 

100-02 

— 

XIII. ... 

.. 94-21 

4 15 

0-56 

0-57 

0-48 

99-97 

2-73 

XIV. ... 

... 96-25 

2-98 

0-50 

0-35 

100-08 

— 


* Including FeC0 3 , 23*44. 

L. J. S. 


Analytical Chemistry. 


Application of the Interferometer to Gas Analysis. J. D. 

Edwards (Chem. and Met. Eng., 1919, 21 , 560 — 565 ).— The gas 
interferometer measures the difference in refractivity of two gases 
of binary mixtures. Usually, one of the components is taken as the 
standard gas, and the difference in refractivity of the mixture an 
one of its components is determined. For a change of a% of one 
of the components the change in refractivity 

A/f = 273/7’ . p/760 . a/lOO^- fl 2 )- 
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Each scale division corresponds with a definite value of ir, which is 
the difference in refraction of the two gases. The calibration of the 
instrument is described (see also A., 1918, ii, 47). In measuring a 
small percentage of a gas which deviates appreciably from Boyle’s 
law, a correction is Aeessitated, as the refractivity of the gas at a 
low' partial pressure differs from the value calculated from the 
pressure ratios. 

In taking readings, calibration curves should be drawn for 
different temperature and pressure intervals from which readings 
may be taken by interpolation, A 'variation of 3° in the tempera- 
tures of estimation and of calibration involves an error of 1%. The 
error due to shifting of the oentral white or achromatic fringe was 
investigated by Adams (A., 1915, ii, 478). 

Typical illustrations are given of the use of the instrument for 
air-carbon dioxide mixtures. It may also be employed for the 
analysis of flue gases and the determination of helium in mixtures. 

A table is given showing the relative sensitiveness of the inter- 
ferometA for different gases. IV. ,1. W. 

Improved Orsat Apparatus for Gas Analysis. G. W. 

Jones and F. R. Neumeister (Che.m. and Min. Eng., 1919, 21, 
734—736), — The modification of Orsat's apparatus used by the 
Bureau of Mines, U.S.A., has a Jager's copper oxide tube for the 
removal of hydrogen and carbon monoxide. The gas burette can 
be put in communication either with the Orsat pipettes, containing 
the usual reagents for carbon dioxide, unsaturated hydro- 
carbons, and oxygen, or with a compensator of the Peters- 
sen type, the mercury in which forms contact with a platinum wire 
mi lights a lamp, when the levelling bulb is raised or lowered, and 
thus facilitates the reading of the level. The copper oxide tube 
above the Orsat bulbs is heated by means of an electrical heater, 
which is lowered over it, and then rests on supports. For the deter- 
mination of hydrocarbons in a gas, a combustion is made in the 
combustion pipette with a measured quantity of oxygen, the pipette 
being cooled by compressed air to prevent breakage, and the 
amounts of the two predominating hydrocarbons are calculated by 
means of the usual formulae from the total contraction and amount 
of carbon dioxide found after the combustion. [See, further, J. Soc. 
Chem. Ind,, 1920, 138a.] C. A. M. 

Theory of Electrometric Titration. W. D. Treadwell 

(ffeh. Chim. Acta, 1919, 2, 672— 680).— A theoretical paper in 
which the determination of the end-point in the titration^of silver 
solutions is considered. The method consists in measuring the ter- 
minal voltage between a standard silver chloride cell and a silver 
electrode immersed in the solution, the end-point being that at 
which the voltage becomes zero. The theory is considered for the 
titration of solutions of pure silver salts and of the case where there 
is a quantity of other substances present. J. F. S. 

Electrometric Titration. W. I), Treadwell and 1 , W eiss 

{Ihlv. Chim. Acta, 1919, 2, 680— 697).— It is shown that the endr 
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point of many titrations may be determined electrometrically w 
measuring the terminal voltage between a metal electrode, which ^ 
immersed in the solution being titrated, and is capable of sending 
the same ions into the solution, and a comparison electrode made^f 
the same metal and the insoluble precipitate *or product produced 
in the titration. The two terminals are directly connected with a 
voltmeter, and the point of zero potential is the end-point of the 
titration, that is, the point at which the concentration of the metal 
ions is the same in both the solution being titrated and the 
comparison electrode. It is essential that during the titration the 
liquid should be rapidly stirred, and the authors describe an appar a . 
tus in which the comparison electrode is built up in the stirrer. I n 
the case of silver solutions, the comparison electrode is 
Ag | AgCl sat.||. a silver wire furnishes the electrode in the solution, 
and the titration is carried out with standard sodium chloride. The 
results are extraordinarily good. In the presence of foreign snb- 
stances the titration values are too low, but they may he corrected 
from the course of the titration curve. Hydrogen sulphide may b e 
titrated with silver ions, using as comparison electrode the combim 
tion Ag|Ag.,S. dil.NaN0 3 ||. Mercurous ions may be titrated by 
chloride ions, using as comparison electrode 

Pt . Ag|Hg,Cl 2 dil.H 2 S0 4 ||, 

and a similar silver-plated platinum wire as titration electrode. 
Better results are obtained if the titration is carried out with 
bromide ions and the calomel in the comparison electrode substi- 
tuted by mercurous bromide. Copper ions may be titrated by 
ammonium thiocyanate, using as comparison electrode 
Cu|CuCNS. dil. NaHSOjI], 

In the foregoing cases soluble electrodes have been employed; 
further experiments were made with insoluble electrodes, and it ii 
found that zinc ions may be titrated with ferrocyanide ion, using 
as titration electrode a platinum gauze and as comparison electrode 
Pt | Zn.,Fe(CN) c . HC1(5 c.c. in 300H.,0)]j. The titration in this case 
is carried out at 70°. Ferrous chloride may be titrated with potass- 
ium dichromate, using an already completed titration as the com- 
parison electrode and platinum wires in both solutions. This titra- 
tion is also carried out in warm solutions. Uranous ions may be 


titrated with potassium permanganate in warm solution, using 
platinum wires and a uranyl solution as the comparison electrode. 
Vanadyl solutions may he similarly titrated with permanganate, 
using platinum wires and a vanadate solution as comparison elec- 
trode. Jn the case of the hydrogen-ion titration, the electrode is 
too slow in its action for the method as at present constituted to 
give sharp results. J- 


Electrometric Titration. J. Pinkhof ( Chem . Weekblad, 1919, 
16, 1163 — 1167). — The investigation concerned the selection of J 
constant electrode which should have the same potential as he 
electrode of the liquid at the moment when the end-point « 
reached. It would then be merely necessary to determine whe * 
the difference of potential of the two electrodes was positive or neg 
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tive. To ascertain which compensation electrode is suitable, a poten- 
tial measurement was made during titration, and when the desired 
potential was found a combination of electrode and liquid was sought 
which would give this potential. For the titration of halogens in 
presence of each oth^r, A -potassium bromide is suitable for the com- 
pensation electrode in the estimation of the iodine. For the bromine 
Ag-AgCl-0‘ 2/YC1 is used. In titrating heavy metals with sodium 
sulphide, a silver-halogen compensation electrode is employed. 
Titrations of bases with mercuric oxide electrode and the use of the 
hydrogen electrode are discussed. \y, j \y 

A Rapid Hydrogen Electrode Method for Determination 
of Hydrogen-ion Concentrations in Bacterial Cultures or 
in other Turbid or Coloured Fluids. Harry M. Jonhs (J. 
Infect. Bis., 1919, 25 , 2G2 — 268). — As compared with the colori- 
metric method, the apparatus described has wider application, is 
more accurate, less cumbersome, and only slightly less rapid. The 
hydrogen electrode vessel described was designed to provide a vessel 
accurate at least to O'Ol p H and to give a rapid saturation with 
hydrogen gas, and yet one which is easily constructed. A rapid and 
labour-saving technique combining the indicator and the gas-chain 
methods is described, which obviates the difficult task of preparing 
standard solution for the former method, and of making needless 
repetitions by the latter. Chemical Abstracts. 

Iodometric Estimation of Acids. I. M. Kolthoff (Pharm. 
II eekblad, 1920, 57 . 53 — 68). — The author has investigated the 
iodometric method, especially with reference to weak acids. The 
influence of dilution in the case of strong acids, of catalysts, and of 
a variation in the amount of potassium iodide added, was deter- 
mined. Tests were carried out with hydrogen chloride, tartaric acid, 
citric acid, lactic acid, malic acid, succinic acid, acetic acid, formic 
acid, benzoic acid, salicylic acid, sodium phosphate, and currant 
juice. The iodometric method gives excellent results with strong 
acids, especially if diluted, in which case the reagents, after mixing, 
must remain for ten minutes before titration. A deficiency of 
potassium iodide causes inaccuracy’ Organic oxy-acids can be accu 1 
rately estimated if a salt of calcium, magnesium, or zinc is added. 
Tor phosphoric acid and weak organic acids, not containing a 
hydroxy-group, the method is unsuitable, but it may be used in the 
case of formic acid. The applicability of the method to the estima- 
tion of fruit juices requires further investigation. W. J. W. 

Indirect Electrolytic Estimation of Anions without 
Platinum Electrodes. II. E. Lasala (Anal. Fis. Quint., 1919, 
17 , 235 — 247). — A continuation of work already published (A., 
1919, ii, 239). The present communication deals also with anions 
which form insoluble silver salts. These are carbonate, oxalate, 
ferro- and ferri-cyanide, orthophosphate, arsenate, chromate, and 
thiocyanate. The anion is precipitated as insoluble silver salt. 
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This is dissolved in a suitable solvent, and the silver estimated e l ec . 
trolytically with a nickel-plated copper cathode and an iron anode. 
Satisfactory results were obtained only in the case of carbonate, 
oxalate, ferro- and ferri-cyanide, and thiocyanate. The method was 
applied to the separation of chloride and iodide. The precipitated 
mixed silver haloid is washed with ammonia solution (11 0'92). The 
silver chloride is electrolysed after the addition of ammonium sul- 
phate. The residual iodide is dissolved in 20% solution of potassium 
cyanide and electrolysed. A small correction must be applied for 
the solubility of silver iodide in ammonia solution. W. S. M. 


Electrolytic Estimation of the Halogens. An Indirect 
Method. <T. H. Reedy (J. Amer. Ckem. Soc., 19 1 9, 41, 1898 — 1902), 
- -The decomposition voltage of .V-sulphuric acid, saturated with 
silver chloride, between silver coated with silver chloride as anode 
and bright platinum as cathode is found to be 0'59 volt, which 
corresponds exactly with the sum of the solution potential of silver 
(0-52 volt) and the overvoltage of hydrogen on bright platinum 
(0'07 volt). As long as this limiting voltage of 0'59 volt is not 
exceeded, the electrolysis of haloid solutions with silver anodes 
proceeds with the formation of an adherent layer of silver haloid 
on the anode without precipitation in the solution. With the com- 
pletion of the deposition of the halogeu, silver ions appear in the 
solutiou with no break in the continuity of the current and with 
scarcely any rise in potential. An indirect method of estimation of 
chlorides, bromides, and iodides is based on the above facts. The 
principle of the method consists in depositing the halogen on a silver 
anode under a constant voltage of 0'59 volt ; some silver will thereby 
be lost from the anode. The anode is then dried and weighed, and 
the silver haloid is reduced to metallic silver and the loss in weight 
determined', which gives the weight of the halogen. A lead accumu- 
lator of large capacity is connected across the ends of a sliding rheo- 
stat and a current of E.il.F. 0'59 volt tapped off. The electrolysis 
vessel consists of a beaker of 400 c.c. capacity fitted with an anode 
of silver gauze, coated with silver elect rolytically, and a bright 
platinum cathode and a stirrer. The electrolysis is carried out with 
200 c.c. of solution for about fifteen minutes; the current flowing 


at first is rather large, but after about fifteen minutes it becomes 
negligible. The potential is then raised to 0'60 volt for five minutes. 
The silver electrode with its halogen deposit is washed, dried, and 
weighed. After weighing, it is made the cathode in a dilute solu- 
tion of sodium hydroxide and electrolysis carried out until hydrogen 
is freely liberated from the surface. The silver haloid is thus reduced 
to black silver, which is not very adherent and must he carefully 
handled. After a thorough washing, the electrode is heated at 500 
in an electric furnace until the deposit is white, and thoroughly 
sintered together. It is then weighed, and the loss in weight gi ?e * 
the weight of the halogen. The results given in the paper show t a 
the method is quite as good as the usual gravimetric method. 

J. F. 8. 
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Estimation of Bromide in Mineral Waters and Brines. 

W. W. Skinner and W. F. Baughman ( Science , 1919, 50, 50 ) — 
Chromic acid in concentrated solution liberates bromine quantita- 
tively from bromides at the ordinary temperature, and the bromine 
is removed by aspiration. Only a trace of chlorine is liberated from 
chlorides. W hen chromic acid acts on a solution containing chloride 
and bromide, therefore, the mixture of halogens removed by aspira- 
tion is dissolved in a solution of sodium sulphite and hydroxide 
which is then evaporated to dryness and the residue again treated 
with chromic acid solution and aspirated a second time. The double 
treatment gives very trustworthy results. 

Chemical Abstracts. 

Estimation o! Alkali Sulphide in Dilute Solution. H G 

Bennett and W. G. Bennett (J. Soc. Leather Trades Ckem., 1919’ 
3, (11), 190— 193).— A measured quantity of the solution contain- 
ing not more than 0'04% of hydrogen sulphide is distilled in an 
atmosphere of carbon dioxide with an excess of boiling magnesium 
chloride solution. A current of carbon dioxide carries the liberated 
hydrogen sulphide into a receiver containing standard iodine solu- 
tion. A second receiver, containing standard sodium arsenite solu- 
tion, is arranged to trap any iodine vapour carried over by the gas. 
The method is accurate under these conditions and provided there 
are no rubber connections exposed to the iodine vapour. D. W. 


Neutralisation Curve of Sulphurous Acid. I. M. Kolthoff 

(.Client. I \ eehblad. 1919, 16, 1154 — 1163). — -The accuracy of the 
results when sulphurous acid is titrated with methyl-orange or 
dimethyl-yellow as indicator depends on the concentration of the 
hydrogen ions of the sodium hydrogen sulphite, and therefore also 
on the second dissociation constant of the sulphurous acid. This has 
been determined from the degree of hydrolysis of solutions of sodium 
sulphite and found to be lx 10“' at 15°. The hydrogen-ions con- 
centration of a O'l mol. sodium hydrogen sulphite solution calculated 
from the two dissociation constants gave the value [H'] = 3’3 x 10~ 5 . 
A curve showing the neutralisation of sulphurous acid was con- 
structed. In the titration of sulphurous acid errors of ±2% and of 
±6% were obtained when the indicators were dimethyl-yellow and 
phenolphthalein respectively. The addition of sodium chloride 
reduced the error with phenolphthalein to ±2%. Accuracy can only 
be ensured if excess of barium nitrate is added after the pink 
coloration of the phenolphthalein lias appeared, and the titration 
then continued to the end-point. W. J. W. 


Estimation of Sulphates in the presence of Organic 
ulphonic Acids. T. Callan, Jas. A, Russell Henderson, and 
K. Barton (J. Soc. Ckem. hid.. 1919, 38, 410— 41 It) —T he solution 
°|. j* 6 substance (containing about 0‘2 gram of sulphate) is rendered 
S1 |? h animoi ,^ aca ^ ( a sma M quantity of calcium chloride is also 
filt • P rec ^P^ a f e any carbonate, which is then separated by 
ration), and the mixture is boiled until all excess of ammonia 
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has been expelled. Twenty c.c. of N j 4-barium chloride solution are 
then added, the heating continued for a few minutes, and the excess 
of barium titrated with .V/4-potassium chromate solution, n s j D - 
starch-iodide paper as indicator. A drop of the mixture is placed 
on the paper, and the edge of the spot is touched with a drop 0 f 
very dilute hydrochloric acid. A blue colour develops in about ten 
seconds when an excess of soluble chromate is present. An immediate 
blue colour indicates that a considerable excess of chromate has 
been added. W. P. g, 

Detection of Nitrogen in Organic Compounds by 
Castellana's Reaction. J. Flieringa ( Pharrn . Weekblad, 1939 
57, 3 — 4). — Castellana’s reaction (A., 1905, ii, 207) may give j 
positive reaction even in nitrogen free compounds, owing to com- 
bination of atmospheric nitrogen, if the magnesium is in excess. 
It is preferable to use a mixture of 2 parts of sodium carbonate 
and 1 part of magnesium. Sodium carbonate containing 1 molecule 
of H 2 0 should be employed. Addition of sugar to the reaction 
mixture eliminates the error caused by absorption of atmospheric 
nitrogen. W. J. W. 

The Relative Accuracy of Colorimetric and Titrimetric 
Procedures for estimating Nitrogen as Ammonia. E. R. 

Allen and B. S. Davisson (J. Biol. Chem., 1919, 40, 183 — 197).— 
It appears that the colorimetric methods are slightly the more 
accurate. On the other hand, the conditions for accurate titrations 
may be attained more easily than those for satisfactory Nessler esti- 
mations, and at the same time the titrimetric methods are applic- 
able to a wide range of nitrogen values. The chief disadvantage of 
the Nessler process is the fact that, the reaction is imperfectly 
understood, and the appearance of clouds and precipitates difficult 
to avoid. Again, it is believed that the personal error is greater in 
colorimetric methods than in titrimetric methods. The general 
conclusion is therefore in favour of the titrimetric methods. 

I C. D. 


Estimation of Nitrogen in Nitrates, F. Pn.z (Zeitsch 
landw. I'ers.-H'esen Deutschoslerr., 1919 , 22, 180 — 188; from 


Chem. Zentr., 1919, iv, 7G7). -Comparative estimations of nitrogen 
in nitrates by various methods showed that reduction with 
Devarda's alloy yielded the most trustworthy results, and is to be 
recommended more than the method described by Arnd (A., 191t 
ii, 504). Busch's method (A., 1905, ii, 418) is less trustworthy. 
Other methods investigated were the one proposed by Ulseh (reduc- 
tion in acid solution with iron powder) and the indirect method 
(conversion of the nitrate into chloride). dr' P- S. 


Method for the Estimation of Minute Quantities d 
Nitrogen in Organic Substances, which furnishes a New 
Quantitative Method of Diagnosis in some cases of "}en 
Disease, it. V. Stanford (Rep. Chem. Lab. Cardiff City 
llospt ., 1919, No. 2. Compare A., 1913, i, 930). — A small quaniy 
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of the organic substance, as, for example, 1 c.c. of cerebrospinal 
fluid, is oxidised by the Kjeldahl process in the usual manner. The 
subsequent distillation is carried out in the ordinary apparatus, but 
the distillate is collected in three fractions in Nessler cylinders. The 
third fraction should show little or no coloration with Nessler’s 
reagent. The colour produced by the first two fractions is com- 
pared in the usual manner with that produced by a standard solu- 
tion of ammonium chloride. Considerable care has to be taken to 
avoid errors arising from ammonia in the reagents and apparatus. 

The author records a number of analyses of cerebrospinal fluid 
from mental cases. The “ nitrogen number/’ that is, the number of 
hundredths of a milligram of total nitrogen contained in 1 c.c. of 
cerebrospinal fluid, may be of value in diagnosis. On the whole, 
density and nitrogen number of the fluids run parallel to one 
another. 

No traces of choline and only the merest traces of ammonium salt 
were detected in the cerebrospinal fluid in mental disease. 

J. C. D. 

Process for the Estimation of Arsenic. Chemistry of the 
Marsh-Berzelius Process. B. S. Evans {Analyst, 1920, 45, 
8 — 17). — The arsenic is evolved as hydrogen arsenide, in the same 
way as in the ordinary Marsh-Berzelius test, but is conducted over 
a roll of red-hot copper, which retains the arsenic, the amount of 
which is obtained from the increased weight of the copper. The 
compound formed with the copper usually melts and resembles 
solder in appearance, but occasionally brilliant, silvery-white, blade- 
shaped crystals are produced. Analyses of the deposits gave 67 ‘5 
and 70-5% of copper and 32*28 and 29*27% of arsenic, and thus 
appeared to be mixtures of the arsenides Cu s As and Cu-As. 2 . The 
results obtained with elementary arsenic and various arsenic com- 
pounds were invariably 1'4% too low, and the cause of this loss 
could not be definitely traced, although the results indicated that 
if the arsenic remained in the flask, it was in the form of a very 
stable complex. In order to prevent separation of elementary 
arsenic, it is advisable that the amount of substance introduced 
should contain considerably less than 0*5 gram of arsenic. [See 
also 7. Soc. Chem. Ind., 1920, February.] C. A, M. 

Estimation of Arsenic in Tin and Turnings. Lucien 
Vallery (Compt. rend., 1919, 169, 1400— 1402).— Marsh’s method 
13 liable to give results which may, in some cases, be wrong to the 
extent of 75% of the amount found when applied to the estimation 
of arsenic in tin. The author recommends that the arsenic should 
be distilled off as arsenic chloride by Hollard and Bertiaux’s 
uiethod, and the arsenic estimated colorimetrically in the distillate 
a «ter reduction to colloidal arsenic by means of hypophosphorous 
acid In this way, the results obtained are accurate to within 3% 

0 the total at a concentration of 1 in 100,000. W. G. 
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New Method of Estimation of Carbon and Hydrogen in 
Organic Substances. Kokihiko Sumikdra ( J . Tokyo Chcm. So c . } 
1919, 40, 593— 606).— The essential point of the method j s ttj 
combined use of platinum and cerium dioxide. (1) Substances 
containing Carbon, Hydrogen (and Oxygen) only An ordinary 
combustion tube is filled, in order, with cerium dioxide (5 cm,), 
porcelain boat, oerium dioxide (8 cm.) (only one burner is necessary 
under each of these), and a coil of platinum or platinum-iridiuni 
wire (2 m.), which is electrically heated with adjustable resist- 
ances. The wire is first heated in a separate tube before being 
placed in the combustion tube. The cerium dioxide is prepared 
by heating copper gauze packed with asbestos soaked in a solution 
of ceric nitrate. 

(2) Substances containing Xitrogen and Sulphur. - Lead dioxide 
is placed between the second cerium dioxide gauze and the platinum 
coil, and is heated at 300—350°. (3) Substances containing 
Halogens .— Silver foil is placed between the second cerium dioxide 
gauze and the platinum wire. If nitrogen is also present, lead 
dioxide is placed between the silver foil and the platinum wire, and 
is heated at 300—320°. (4) Substances containing Phosphorm.- 
Lead monoxide is mixed with the substance. Trustworthy results 
are recorded. Chemical Abstracts. 

Rapid Estimation of Carbon Monoxide in Air. Artbub 
B. Lamd and Alfred T. Larson (/. .tnicr. Chem. Soc., 1919,41, 
1908— 1920).— Two methods for the rapid estimation of small 
quantities of carbon monoxide in air are described. Ill the first 
method, the gas is passed over a platinum wire heated to redness, 
and the carbon monoxide partly burned in contact with it. Tie 
uas then passes over heated copper oxide, where the carbon mon- 
oxide is completely burnt; it then passes through a spiral con- 
tained in a thermostat to bring it to its original temperature, and 
finally over a second exactly similar platinum wire heated by the 
same current as the first, the two platinum wires are made arms 
of a Wheatstone bridge, and since the first wire will necessarily be 
hotter than the second, they will have different resistances. The 
change in the resistance of the first wire gives a measure of the 
carbon monoxide concentration. In the second method, the mix- 
ture is passed through a platinised platinum catalyst, when t he 
carbon monoxide is completely burnt. The temperature change B 
measured by a thermo-element, and indicates the concen ra ion 
carbon monoxide. Both methods are rapid, and the ater is pa 
ticularly accurate, easy to instal and to operate. e ca a y= , 
with reasonable precautions, remains active for many wee ^ 


Apparatus for the Volumetric Estimation of ^ Small 
Quantities of Carbon Dioxide by Displacement 
by means of a Rapid Current of Air at the Ordm J 
perature and Pressure. A. Costantino (Atti . w p ic h 

1919. [v], 28, ii, 118— 121).— In the apparatus describe , 
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consists of a closed system, a rotary mineral oil pump causes the 
repeated circulation of purified air, first through the liquid con- 
taining the carbon dioxide, and then through a definite volume of 
standard barium hydroxide solution, this being subsequently 
titrated with acid in presence of phenolphthalein. The determin- 
ation occupies in all about forty-five minutes. Test experiments 
with sodium carbonate solutions containing fl'4— 21 mg. of carbon 
dioxide show that the method yields accurate results. T. H. P. 

Estimation of Metals by Electrolytic Deposition without 
using an External Supply oi Electricity. Maurice Francois 

(inn. Chim., 1919, [ix], 12, 178 — 192). A more detailed account 
of work already published (see A., 1919, ii, 34). W. G. 

Use of Nickel Crucibles for the J. Lawrence Smith Method 
in Estimating Soil Potassium. Seth S. Walker (J. Ind. Eng. 
Clem., 1919, 11, 1139 — 1140). — The same results are obtained 
whether platiuum or nickel crucibles are used for the heating of 
the soil with ammonium chloride and calcium carbonate, but the 
nickel crucible is attacked by the mixture and the life of the 
crucible is short, W. P. S. 

The McCrudden Gravimetric Calcium Method Modified. 

J. P. Halverson and J. A. Schulz (j . Ind. Eng. Chem.. 1920, 
12. 77 — 78). — The calcium oxalate precipitate is collected on a 
filter of specially prepared asbestos contained in a Gooch crucible; 
alter washing, both filter and precipitate are mixed with water, 
acidified with sulphuric acid, and titrated at 65° with perman- 
ganate solution. The filter is prepared by digesting ignited 
asbestos with dilute sulphuric acid and a slight excess of per- 
manganate for one hour at 60° to 70°, and then washing it until 
free from acid. [See, further, J. Hoc. Chem. Ind., 1920, February.] 

V. P. S. 

Estimation of the Calcium Oxide Content of Milk of Lime. 

Georg Lenakt ( Zeitsch . Ver. dent. Zutktrini., 1919, 1 — 15, 
360— 361).— Mategcek’s table (Qste.rr.-TJntjar. Zeitsch. Znclerind., 
1871, 12, 718) correlating the sp. gr. and calcium oxide content of 
milk of lime is regarded as far from correct, whilst, that published 
by Lunge and Blattner (Dingl. Foh/teehn. J., 1883, 466) is also 
considered to be untrustworthy. Experiments are described demon- 
strating the difficulty of obtaining exact results by means of the 
hydrometer (the method of density determination adopted in the 
construction of the second table), since the readings are influenced 
by the shape and length of the spindle, by the width and depth of 
the column of liquid in the cylinder, and also by the degree of 
movement imparted to the liquid at the moment of observation. 
Using a pyknometer consisting simply of a cylindrical vessel having 
a capacity of about 500 c.c„ provided with a ground-glass plate as 
cover, a new table has been constructed by the author in which 
the density values range from 1'0085 to 1-2195 (1-5° to 26 2° Be.) 
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at 20°, temperature corrections being stated for readings ^ 
between 20° and 40°. Milk of lime which has been vigorous]* 
shaken for about two hours assumes a viscous condition, in ? 
the particles remain almost completely in suspension for som 
days, this being believed to be due to the formation of a hydrated 
compound, probably Ca(0H).,,H,0, to which attention has ahead 
been directed by Herzfeld ( Ze.it tch . Yer. dent. Zuckerind. ion/ 
817) and by Karez ( Chem . Zeit., 1898, 22, 38). J. P 0 ' 

The Permanganate Method for Copper. Louis F Cun 
(J. Ind. Eng. Clem., 1919, 11, 1138— 1139).— A modification of 
the procedure for the titration of cuprous thiocyanate with 
manganate solution is proposed, with the object of makin» tie 
estimation less arbitrary. The cuprous thiocyanate precipitate is 
treated in a beaker with 25 c.c. of hot 4% sodium hydroxide solu- 
tion until the precipitate is decomposed. 25 c.c. of cold 15s; 
sulphuric acid and a quantity of 1% ferric sulphate (anhydrous salt) 
solution are added, and the mixture is titrated with permanganic 
solution. Towards the end of the titration, and when the mixture 
becomes whiter in colour, 5 c.e. of concentrated hydrochloric acid 
are added, and the titration then completed. Under these con- 
ditions, 6 atoms of copper should be equivalent to 7 atoms of iron, 
or a ratio factor of 0T626; the ratio factor actually found as the 
result of experiment is 0 1 646. [See. further, J. Soc. Chem, hi, 
1920, 138a.] W. P. S. 

Microchemical Identification of Soluble and Insoluble 
Mercury Compounds . G. DKNtofcs (Bull. Soc. Pham. Borlmi 
1919; from Ann, Cliim. anal., 1919. [ii]. 1. 383 — 385). — The tests 
depend on the characteristic crystals obtained when a small quantity 
of the compound is treated with a drop of potassium bromide- 
iodide solution. Mercurous compounds and mercuric cyanide are 
oxidised previously with bromine. Mercuric iodide itself is 
identified bv the crystals obtained from its alcohol or acetone 
solution. W- T- S. 

Volumetric Estimation of Mercuric Chloride. Otto Sasse 
( Vhnrm . Zeit.. 1919, 64. 633). — Referring to the method described 
by Utz (A., 1919. ii, 428), the author mentions that he himself 
had published a method (Pharm. Zeit.. 1887) for the volumetric 
estimation of mercuric rhloride ; this method depends on a titra- 
tion with potassium iodide solution, and is trustworthy. 

W. P- S. 

Application of Rotating Reductors in the Estimation oi 
Iron. Walter Scott (J. Iml. Eng. Chem., 1919, 11, 1135 ■ 

— Gooch and the author have shown previously (A., 1 918, n. ‘ 
that vanadic acid may he reduced by rapidly rotating an , 
silver or copper, and the author now describes a similar “ e , 
reduction foi ferric salts. The latter in sulphuric acid son 11 ^ 

reduced completely by rotating reductors of zinc or a u „ 
with or without the use of an external current. 1 
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A Sensitive Reaction for Manganese. P. H. Hermans 
(Pharm Weekblad, 1919 56 344-1346)._Caron and Raquet’s 

reaction for manganese (Rep. Pharm., 1919, 97) was independently 
discovered by the author, and was, in addition, utilised as a test for 
nitrogen tetroxide and for nitrites. All oxidising agents are not 
effective m promoting the red coloration, for example hydrogen 
peroxide, potassium persulphate, chlorine, bromine, iodine, chloric 
acid, iodic acid, potassium ferricyanide, but addition to them of 
O' 5% solution of osmic acid produces a satisfactory result. Active 
oxidising agents for the test are bleaching powder, potassium per- 
manganate, and dichromate, lead peroxide, cerium ammonium 
nitrate, nitrous acid, and nitrogen tctroxide. 

Lead peroxide is most suitable for the manganese test. The 
reaction is sensitive to 0 07 mg. manganese or 0-03 mg. sodium 
nitrite per c,c. of solution. 

The red coloration is considered to be a complex alkali manganese 
oxalate. w j 

Indirect Detection of Tin. Fr. Ferai (Chni Zeit 1919 43 
SeD -Ferrous salts give a red precipitate with an ammoniacal 
solution of dimethylglyoxime, but the presence of ferric salts which 
give a precipitate of ferric hydroxide with the reagent, interferes 
with the test. The precipitation of ferric iron as hydroxide and 
of ferrous iron as ferrous dimethylglyoxime may be prevented by 
adding an organic hydroxylated compound, such as citric or tartaric 
acids or potassium sodium tartrate, and the ferrous ion then gives 
a carmine-red solution. In each case, complex iron compounds are 
formed. In using this reaction as a sensitive indirect test for tin 
the mixed sulphides, oresnmablv of antimony and tin, are dissolved 
in hydrochloric acid, and one portion of the solution is tested for 
antimony with iron »ire. In a second portion, the tin and anti- 
mony are precipitated by means of pure zinc, and the till extracted 
from tlm deposit by means of concentrated hydrochloric acid. 
The solution is poured into a hot dilute solution of ferric chloride, 
a little citric acid or potassium sodium tartrate added, and the 
liquid tested with ammoniacal alcoholic dimethylglyoxime solution. 
The ferrous ion formed by reduction with the stannous ion will 
give a red coloration, the intensity of which is proportional to the 
amount of stannous chloride. C. A. M. 

Estimation of Thiophen in Industrial Benzenes. An-dri! 
Meyer (Com.pt. rend., 1919, 169 , 1402— 1404).- -A modification of 
Demges's method (compare A., 1895, ii. 332, 372). De.niges’s 
reagent is prepared by dissolving 50 grams of mercuric oxide in 
-00 c.c. of sulphuric acid diluted with 1000 c.c. of water. Twenty 
c.c. of this reagent are mixed with 75 c.c. of methyl alcohol and 

c.c. of the benzene under examination in a stoppered bottle. 

. e mixture is shaken from time to time, and, after thirty minutes, 
is filtered. Ten c.c. of the filtrate are diluted with 20 c.c. of water, 
a few drops of nitric acid are added, and the whole is titrated with 
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.V/ 10-ammonium thiocyanate solution, using 1 c.c. of a 20% j rot . 
ammonium alum solution as indicator. In view of the possible 
presence of acetone in the methyl alcohol, a blank experim en j 
conducted, using pure benzene free from thiophen. The difference 
between the two titrations is a measure of the mercury precipitated 
by the thiophen as the compound, (HgO) 2 S0 4 ,Hg8C 1 H t , an j ^ 
factor for the conversion of mercury to thiophen is 0-14. G 


' Titration and Partial Reduction of Nitro-compounds with 
Titanous Chloride. C. F. van Ddin (Chen. Weekblad. 1919 jg 
1111 — 1122). —An examination of the titanous chloride method for 
the titration of nitro compounds. The constancy of titre of a 
titanous chloride solution at the ordinary temperatures and after 
heating was especially investigated; also the general applicability 
of the method to various classes of nitro-compounds. At the 
ordinary temperatures, only slight variations in titre were found 
after keeping for several days. Titration experiments before and 
after heating the titanous chloride solution were carried out in 
comparable conditions in presence of alcohol, hydrochloric acid, and 
acetic acid. It was found that the assumption of an invariable 
titre during the heating of the titanous chloride solution led to 
quite erroneous results. The error is small in presence of acids, 
especially in hydrochloric acid, tolerable results being only obtained 
iri strongly acid solutions. From experiments with .picric acid, 
m-dinitrobenzene, and s-trinitrotoluene, the author concludes that, 
the method yields results of the same order of accuracy as the 
Dumas method. The reduction and titration of the following 
classes of nitro-compounds were carried out : nitroamines (a-trinitro- 
phenylmethylnitroamine, aminotrinitrophenylmethylnitroamine, 
trinitromethylnitroaminophenol. trinitromethylnitroaminoanisole, 
trinitrodimethvldinitroaminobenzene'l, tetranitro-compounds (tetri- 


nitrophenol, tetranitrophenylmethylnitroamine, tetranitroanilme), 
and hexanitro-compounds with two nuclei (hexanitrodipheujl 
sulphide, hexanitrodiphenylsulphone). In the reduction of nitro- 
amines, side reactions may take place in which the nitroamino-grom 
is entirely removed from the nucleus. In all cases, blank experi- 
ments must be carried out in order to estimate the alteration in the 
titanous chloride solution on heating. The amount of excess of 
the solution necessary for complete reduction must also be "eter- 
mined in each case. ’ Only in those conditions can this method of 
nitrogen analysis he considered superior to that of Dumas. 

" • IV. S. M. 


Detection of Methyl Alcohol in Ethyl Alcohol. M- Pons® 
(Chern. Anah,*1, 1919, 28. 11).- -Five c.c. of the sample are fl 
tilled with DO c.c. of water and 3 grams of sodium persnlpOiate, 
distillate being collected in fractions of 2 c.c. each. ® , 

fraction is treated with eight drops of a freshly prepare , ^ 

1% solution of phenylhydrazine hydrochloride, four rops 
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potassium ferrocyanide, and 1 c.c. of concentrated hydrochloric 
acid. A pink coloration is produced if methyl alcohol is present. 

Chemical Abstracts. 

Coinplox Organi 0 Mercury Compounds. Ewar Bhlmanr 
Qleid. A. Vttemkapsakad. fiobel-Insl., 1919 5 No 10 t ii\ 
-The complex compound formed from allyl alcohol and“’mercuric 
acetate is very stable, the concentration of the mercuric ion in a 
1 / 160 -molar solution being only 10 - 8 -m ( com p ar6 A 1917 ; 12 ,. 

This fact can be made use of in the electrometric’ estimation of* 
allyl alcohol. The aqueous solution of allyl alcohol is put in a 
beaker containing mercury, which forms one electrode, the other 
being a calomel electrode. A standard solution of mercuric acetate 
is then run in, and the E.M.F. curve plotted. The point of 

obtaTZ ° n ^ CUrVe ^ VerJ 3harp ’ aBd aCCUrate resalts are 

Allyl alcohol can also be estimated by adding mercuric acetate 
and potassium bromide to the solution, and titrating the acetic 
acid set free, with phenolphthalem as indicator. The liberation of 
acetic acid is quantitative according to the equations : C 3 H,;OH + 

u + AC ° H J C s H 5'° ,H g'0Ac + KBr = 
C s H 3 0 IlgBr + OAcK. Mercury can also be estimated very 
accurately by making use of the quantitative reaction 3 

. ■ . CjH^O'Hg-OHq KBr-C 3 H 5 -0-HgBr+ KOH. 

A weighed quantity of mercuric oxide is dissolved in 5A'-sulphuric 
or nitric acid; the solution is diluted with water free from carbon 
dioxide a few c c of allyl alcohol added, and then .V/5-sodium 
hydroxide until the liquid is alkaline to phenolphthalein The 
whole is then exactly neutralised with A'/S-sulphuric acid 5 grams 
of potassium bromide added, and the liquid well shaken to give a 
solution, the entrance of carbon dioxide being carefully excluded 

present Tn t e 6 ff a k t al ‘ “ then , titrated ' Halogen acids must not be 
pre.ent in estimations according to this method. 

Malac and crotonic adds do not give sufficiently stable complexes 

o d rS 101, -i y rn he ab ° Ve methods ’ but acid gives 

the . mercunc acetate-potassium bromide method. 

on S‘ C 3Cld a S ° gIVeS merCUry com l ,lexes . antl is to be reported 

ca tf o e n r ™J yCan , be re ? diIy aud a< ™rately estimated by a modifi. 
the m ° 1 ,! method ( A - 1917 - “> 3H). To the solution of 

is added l Sa t ’ 0r of mercuric oxide i]1 nitric or sulphuric acid, 
neutralise/ -fw 6 j Ce ^ °? alkali ; the whole is then exactly 
Potassium s ^ ndard acid > 119in g phenolphthalein as indicator, 
careful W (S S" ms ) , is the1 ' *dded, and the liberated alkali 

y titrated, carbon dioxide being excluded. T. S. P. 

W T W a p° a ° f P,f ganic Acids in Urine. D. D. Van Sltke and 

. ri : Palmer ( Proc . Sac. Ejtp. Biol. Med., 1919, 16, 140—141). 

ralciiir/wf aD j P* 108 ?* 1 ^ 8 are removed by adding 2 grams of 
minutes h ^, roxld .® t<> 100^ c.c. of urine and filtering after ten 
■ The acidity of 2o c.c. of the filtrate is brought to p E = 8 
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(circa) by adding 0'2A T -hydroehloric acid until the pink colour of 
phenolphthalein disappears, 5 c.c. of 0 ' 02 % Tropoeolin 00 are 
added, and the solution is titrated to p H = 2-7 with 0-2iV-hydro. 
chloric acid, the volume being brought to approximately CB 
by the addition of water towards the end of the titration, 
colour is compared with that of 50 c.c. of a control solution w:-.. 
the same jt K value and indicator. The amount of 0‘2.V-hycr 0 - 
chloric acid required to give the end-poiut with a control in which 
water replaces urine is subtracted. The titration estimates from 
'93% to 100% of each of the organic acids known to be present in 
urine in quantitatively significant amounts. It also includes verv 
weak bases, but of this class of substances only creatine and 
creatinine, which are estimated to nearly 100 %, are significant 
The titration figure, corrected for the amounts of these two bases 
represents the organic acids in urine. Chemical Abstkacts. ' 

Detection of /3-Hydroxybutyric Acid, Acetoacetic Acid 
and Acetone in Urine. R. Lillig (Pham. Zeit., 1919, 54 ’ 
696 — 697, 707 — 709). — A collection of some sixty methods which 
have been proposed for the purpose; a brief description is given of 
each method. W. P. g. 

Bellier’s Reaction for Vegetable Oils. A. van Rang 
(Chem. lfeekblad, 1919, 16, 959 — 960). — The benzene used for this 
reagent must he free from thiophen, otherwise a dirty green, instead 
of a violet, coloration is obtained. AV. J. \V. 

Relative Sensitiveness of the Fehling, Phenylhydrazine, 
and Nylander Tests for the Detection oi Dextrose in Urme. 

George E. Ewe ( Amer.J . 1‘harm., 1919, 91, 717 — 719). — Fehling's 
test is the most sensitive of the three tests investigated; it yields a 
reaction with a solution containing 0 00125% of dextrose. The 
phenylhydrazine test is also sensitive, giving a reaction, after two 
hours, with a 0’002o% solution of dextrose, but the Nylander reagent 
(potassium sodium tartrate, 4 grams; 10% sodium hydroxide solu- 
tion, 100 c.c. ; bismuth subnitrate, 2 grams) fails to give a reaction 
unless the solution contains at least 0’5% of dextrose. IV. P. S. 

Titration of Sugars. E. Sciiowalter ( Zcitsch!jsahr . Cinmaii 
1919, 38, 221 — 227). — A reply to Rupp and Lehmann (A., 1919, 
ii, 434) ; the author maintains the correctness of his former remarks 

(A., 1919, ii, 172). W.P.S. 

The Isaacson Method for Estimating Dextrose. Elisabeth 
C. Pennell (J. Lah. Clin. Med., 1919. 4, 736 — 737). — Isaacsons 
method (A., 1918, ii. 246) was found highly untrustworthy when 
compared with the Fehling volumetric method. 

Chemical Abstracts. 

Separation of Dextrose and Lsevulose. Franz Lrcrc* 
(Zeilseh. Xakr. Genussm., 1919, 38, 177 — -185). — A method for the 
estimation of dextrose in the presence of kevulose depends on t e 
fact that the rotation of the latter is destroyed by heating for se'e“ 
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hours with dilute hydrochloric acid, whilst that of dextrose is not 
affected. Fifty c.c. of the sugar solution (containing from 2 to 4% 
of the sugars) are mixed with 10 c.c. of 5A-hydrochloric acid and 
heated in a boiling water-bath for seven hours. The mixture is 
then nearly neutralised with sodium hydroxide solution, diluted to 
100 cc., treated with animal charcoal and filtered, if necessary, and 
polarised at 20°. About 99% of the dextrose actually present is 
found. The dextrose remaining after the acid treatment cannot be 
estimated by determining the copper reducing power of the solution 
as the bevulose is converted into reducing substances, which, how- 
ever, are optically inactive. W. P. S. 

Separation of “Saccharin” from Benzoic Acid. E. 

SchowalteR (Zeitgch. Nahr. Genussm., 1919, 38, 185—194). — The 
presence of “ saccharin ” interferes with the estimation of benzoic 
acid in foods, etc., by the methods described by Mobler, von der 
Ileide, and Grossfeld (A., 1908, ii, 90G; 1910, ii, 359; 1915, ii, 848), 
but the two substances may be separated from one another by 
taking advantage of the insolubility of “ saccharin ” in carbon tetra- 
chloride. The residue obtained on evaporating the ethereal solu- 
tion of the two substances at a low temperature is dried under 
reduced pressure to remove the last traces of ether and acetic acid, 
and is then treated with carbon tetrachloride; the benzoic acid dis- 
solved by this solvent may be estimated by titration and the 
insoluble “saccharin ’’ identified by Ivlostennann and Scholta’s reac- 
tion (A., 1916, ii, 586). Separation of the two substances between 
■ sublimation is untrustworthy; “saccharin ''' begins to sublime at 
120° and 130°. Animal charcoal absorbs considerable quantities of 
1 saccharin,” its anhydride and sodium salt, as well as benzoic acid 
usd benzoates, from an aqueous solution. W. P. S. 


Estimation of p -Phenylenediamine . T. Caiaa.y and Jas. A. 

Russell HENnEPsotf (/. Soc. Chan. Ind., 1919, 38, 408— 410t).— 
A modification of a method described by EBront (A., 1905, ii, 60) 
is recommended. Fifty c.c. of sodium hypochlorite solution, con- 
taining 12—15% of available chlorine, are diluted to 1 litre, and 
100 c.c. of this solution are diluted with an equal volume of water, 

1 gram of sodium carbonate is added, followed by 10 c.c. of the 
y-phenylenediamine solution (in dilute hydrochloric acid); the latter 
solution should contain from 2 to 6% of the substance, and the addi- 
tion should be made gradually with constant stirring. Benzo- 
quinonedichloroimide is precipitated as a white substance and, with- 
out filtration, the excess of chlorine in the mixture is titrated with 
•I /10-sodium arsenite solution. The difference between this titra- 
tion and the quantity of arsenite solution required for the titration 
of the hypochlorite solution itself is equivalent to the amount of 
'chlorine removed from solution as dichloroimide ; 1 c.c. of 
[a i 10-arsenite solution therefore corresponds with 0 0018 gram of 
■Aphenylenediamine. The method may also be used for the estima- 
tion of p-nitroaniline, p-aminodiphenylamine, benzidine, and 
liaphthylene-1 : 4-diamine, but with the latter the yield found is 
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only 98 — 99% of the quantity of substance present owing to t), e 
slight solubility of the dichloroimide formed. The method is Iot 
applicable to substances containing a sulphonic group, since these 
give soluble diehloroimides. W. P, a 

Estimation of Carbamida in Blood and Urine. H. Cm.,,, 
( Deut . mtd. Woch., 1919, 45 , 975; from Chem. Zentr., igjcj 
iv, 719).- -A reply to Brahm (this vol., ii, 66). IJ. ’ 

Electrometric Method for the Estimation of Ferrocyanides 
depending on a Change in Oxidation Potential. ' g j, 

Kelley and R. T. Bohn ( J . Amer. Chem. Soc., 1919 41 
1776 — 1783). — Solutions of ferrocyanides may be estimated bv 
titration with potassium permanganate in the presence of sulphuric 
acid, using the sudden change in E.M.F. observed with a bright 
platinum electrode to mark the end-point. The method is at 
follows: About 1 gram of potassium ferrocyanide in 250 c.c, of 
water and 2'5 — 5'0 c.c. of sulphuric acid (D 1-58) is titrated with 
O'05iT-potassium permanganate, using an electrometric apparatw 
which will indicate changes of potential of the order of one millivolt 
(A., 1917, ii, 512). A small jirecipitate may form during the titra- 
tion, but this will redissolve. The titration should be performed 
slowly with mechanical stirring. As the end-point is approached the 
permanganate should be added drop by drop, and time allowed for 
the completion of the reaction. The end-point is taken as the point 
of greatest change in potential for equal additions of permanganate. 
Should too much permanganate be added, the end-point may be 
approached from the other side by adding a standard solution of 
feriocyanide. The presence of ferricvanides does not interfere with 
the titration, neither do amounts of chloride up to 1 gram of sodium 
chloride. Any salts which under the conditions of experiment 
produce a precipitate with either ferrocyanide or ferricyanide 
seriously interfere with the method. J. F. S, 

Use of Silicotungstic Acid in the Estimation of Alkaloids. 

Erwin Taig.ner (Zeitseh. anal. Chem., 1919 , 58 , 346 — 352). — 
Silicotungstic acid solution may be used for the quantitative pre- 
cipitation of atropine, strychnine, and cocaine from their hydro- 
chloric acid solutions; the precipitates formed are collected, after 
the addition of sodium chloride, washed with 1% hydroohlor.c acid, 
dried at 40°, and weighed. The precipitates have the general 
formula 12W0 3 ,Si0,,2H 2 0, 4-alkaloid. W. P. S. 

• Colonr Reactions of Emetine. Abel Lahille (Arch, mi- 
exp., 27 , 296; Zentr. llwchem. Bwphys., 1919, 20 , 398).- -Emetine 
hydrochloride develops a yellow coloration with calcium chloride 
and with concentrated nitric acid. When a small crystal of ammon- 
ium molybdate is added to a solution of the hydrochloride in <»” 
centrated sulphuric acid a green zone, which subsequently turn* 
blue, is formed round the crystal; the colour disappears oil dun 10 
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jith water and reappears on heating. A green ooloration is pro- 
duced when a dichromate is used instead of ammonium molybdate. 

Chemical Absthacts. 

The Arsenotungstic Reagent in the Method of Bertrand 
and Javillier for the Estimation of Nicotine. Luis Guglial- 
sielli and Ulaus Hoedh {Anal. Soc Quim. Argentina, 1919, 7, 
]2i_123). — The preparation of silicotungstic acid for the estima- 
tion of nicotine by the method of Bertrand and Javellier (A., 1909, 
jj 45 fl\ presents difficulties. The authors recommend the use of 
arsenotungstic acid (Guglialmelli, A., 1916, ii, 584, 587) as a 
precipitant. The procedure is otherwise unaltered. W. S. M. 

Ehrlich's Reaction with p-Dimethylaminobenzaldehyde 
and Urorosein. E. Salkowski ( Biochem . Zeitsch., 1919, 97, 
123 - 129). — The reaction of p-dimethylaminobenzaldehyde with 
indole, indoleacetic, indolepropionic and indoleaminopropionic acids 
ii described and discussed. Herter’s theory concerning the origin 
of urorosein in urine is also discussed. S. S. Z. 

Estimation of Tyrosine by means of Millon’s Reaction. 

JIoriz Weiss ( Jiiaehem , ZeiUch., 1919, 97, 170—176). — A 
1 '50.000 solution of tyrosine to which Millon's reagent is added 
is used as a standard. The solution to be examined is then diluted 
until it gives until Millon’s reagent a coloration equal to that of the 
standard. The method can be employed for the estimation of 
tyrosine in the products of hydrolysis of proteins. S, S. Z. 

New Method of Estimating Albumin in Urine. Domesico 
Gaxassini and Pietro Fabbki ( Boll (’him. Farm., 1919, 58. 
313—319). — A method of estimating albumin in urine is based oil 
the fact that the sulphur of the cystinic group in the protein mole- 
cule is readily detached by tbe action of hot alkali hydroxide, and 
in presence of lead phmibite yields lead sulphide. On then 
titrating the liquid with iodine solution, the metaproteins are 
first oxidised and iodised, and the lead sulphide is then converted 
into lead sulphate. In applying (he method, from 20 to 100 c.c. 
if urine (according to the amount of albumin indicated by a pre- 
iminary test) are mixed with 5% of sodium dihvdrogen phosphate 
,to prevent precipitation of phosphates of alkaline earth metals), 
lull the liquid heated and stirred for a few seconds until the 
ilbnmin has coagulated. The precipitate is separated, washed, and 
feolved in 10 to 30 c.c. of i 0% potassium hydroxide solution, from 
l'3 to 10 c.c. of 5% normal lead acetate solution added, and the 
leaker immersed for five minutes in boiling water. The liquid is 
hen cooled to 21° and titrated with J/lO-iodine solution, which 
s added at the rate of two drops per second, with continual stirring, 
intil the liquid becomes colourless. The number of c.c. of iodine 
multiplied by 0-0330 gives the quantity of albumin in the amount 
'f urine taken. Standard potassium ferricyanide solution may be 
[ scd instead of iodine solution for the titration, but the end-point 
'f the reaction is not so sharp. A. M. 
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Medical Analysis of Urine by the Combined Use 0 < 
Tungstic Acid and Other Reagents. Hugh Campbell r 0 , 
(Brit. Pat., 134710). — When to 2 c.c. of urine 0’2 c.c. of a reagent 
composed of a 12% aqueous solution of colloidal tungstic acid to 
which 10% of acetic or tartaric acid to neutralise any possible 
alkalinity of the urine, and 2-5% of sodium potassium tartrate 
have been added, the presence of albumin is indicated by the form- 
ation of a precipitate which does not dissolve on warming. K 
the acid is impure, an excess of urates also causes a precipitate but 
it redissolves on boiling the solution. In the latter case, a diabetic 
condition is indicated, and the presence of reducing sugars mav be 
tested for by adding copper sulphate and an alkali hydroxide or 
preferably, for the sake of convenience, a tablet containing O-O 11 
gram of copper sulphate and 0'01 gram each of sodium carbonate 
and calcium hydroxide. G. ]r jj 

Volumetric Analysis of Ion-protein Compounds. Jacoces 
Loeb (Proc. Soc. E.rp. Biol. Me/?., 1918, 16. 39) .--Gelatin at 
p K >4'7 combines only with cations and at p„<4'7 only with 
anions, whilst at the isoelectric point (;> H =4'7) it combines with 
neither anion nor cation. Curves representing the influence of 
univalent anions or cations on the swelling, osmotic pressure, and 
viscosity of gelatin are alwavs approximately parallel with the 
curves representing the amount of anion or cation found in chemical 
combination with the gelatin. Chemical Abstracts. 

Estimation of Pepsin. John H Northrop (J. Gen Physiol 
1919. 2, 113— 120).— See this vol.. i. 193. 


Influence of Acetic Acid on the Benzidine Reaction, 

Emmo Schlesincer and Julius Gattner (Bcrl. Klin. Woci., 1919, 
56, 706 — 707; from Ohem. Zentr., 1919. iv, 526), — The discordant 
views of different authors on the value of the benzidine reaction in 
the detection of blood are due to the previously unnoticed fact that 
the sensitiveness of the reaction is a function of the concentration 
of the benzidine in the acetic acid. The authors find that a blue 
substance is the actual product of the benzidine reaction; this is 
precipitated if the proportion of acetic acid to benzidine is low. 
and is thus removed from further action and remains stable for a 


long period. Tn the presence of an excess of acetic acid, however, 
it dissolves, with the formation of a very unstable, green solution. 
Diagnostic conclusions cannot therefore be immediately based on 
the occurrence of one or other coloration, since the quantity of 
acetic acid used is a decisive factor. The blue colour invariably 
becomes green on addition of acetic acid. bf. ^ 


Reduced Eosin as a Reagent. Luciano P. J. P* let snd 
Amancio Fernandez (Anal Soc. Quim. Argentina, 1918, . 
119 — 120). — Traces of blood in dilute solution may be detected y 
means of the fluorescence produced with an alkaline solution o <■ 
leuco-derivative of eosin. The substitution of fluorescein tor ; 
recommended. " ' ' 
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In view of the fact that the malonic acid was carefully purified 
and melted at the correct temperature, it is almost impossible that 
this would account for more than a small fraction of the increased 
temperature-coefficient. Otherwise visible amounts of liquid should 
have been observed at 125°, whilst actually no trace was noticed. 
Nevertheless, the criticism must be borne in mind until further 
experiments are made. 

The discussion of the bearing these results may have on the 
radiation hypothesis may he left until the study of the infra-red 
properties is completed. 

In conclusion, I have pleasure in thanking Mr. JH. B. Hartley 
and Mr. D. H. Nagel for much help and advice. 

Physical Chemistry Laboratory, 

Balliol and Trinity Colleges, 

Oxford. [Received, December 1 8th, 1919.] 


XXL— Some Observations on the Action of Coal 
upon a Photographic Plate . 

By Ekic Sinkinson. 

This paper is the outcome of an attempt to discover what con- 
stituent of the coal substance is responsible for its well-known 
action on a photographic plate in the dark. 

W. J. Russell (. Froc . Boy. Soc., 1908, [B], 80, 376) found (1) 
that coal and. resin (among other substances), when placed on or 
near a sensitised plate in the dark for varying periods of time, 
reacted in such a way that, on developing the plate, an image was 
obtained, (2) that such action is dependent on the presence of air 
or oxygen, and (3) that it also requires direct contact between coal 
and the plate. The interposition of glass, mica, or metal between 
the two will prevent it. 

Clark, Wheeler, and Platt (T., 1913, 103, 1713) employed the 
method to show that cellulose has no action on a photographic plate, 
and from this concluded that the portion soluble in pyridine con- 
tained the resinic constituent of the coal substance, because it acted 
intensely. By treating the part soluble in pyridine with chloro- 
form, the extract obtained was found to produce an image on a 
plate, whilst the residue gave no image. They concluded, therefore, 
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that the chloroform extract contained the resinio, and the residues 
the cellulosic, portions of the coal substance. The results of the 
experiments recorded in this paper throw doubt on this conclusion 
Stopes has also shown that, of what she has termed the three visible 
ingredients of a handed, bituminous coal, namely, durain, clarain 
and vitraiu (i'roc. Roy. Soc., 1919, [5], 90, 470), the last-named 
has the strongest action on a photographic plate. 

Bjpebi mental. 

As already stated, the action of coal on a photographic plate 
depends on the presence of oxygen. Thus, if a piece of coal is 
placed on a plate in a light-tight box and all the air displaced by 
nitrogen, no action will result, even after a period of twenty-four 
hours at 40°. Further, a small quantity of water vapour will 
prevent auy action, even in the presence of air. Moreover, if the 
box is exhausted, no image can be obtained. 

In order to decide whether the said effect of oxygen is caused 
by some actual oxidation of the coal substance or by some specific 
action on the plate, it was found that light will affect a plate 
enveloped in nitrogen apparently to the same extent as in air. 
Therefore it would appear that the presence of oxygen is essential 
to the action of coal, but not to that of light. 

A series of experiments was also carried out on a Brodsworth 
“ soft ” coal in order to find whether the continued exposure of it 
in an atmosphere of oxygen at 40° would reduce its power of 
affecting a photographic plate. The samples were exposed to 
oxygen in both blue- and red-tinted bottles, and also to strong white 
light, in order to see whether the rate of absorption was altered. 
This was not so; even in bottles covered with “Berlin black'' the 
rate of absorption of oxygen was approximately the same as in 
plain white bottles. The coal, when completely saturated with 
oxygen, was placed on a photographic plate side by side with an 
untreated sample. The latter undoubtedly gave the more intense 
image on development of the plate. This would indicate that the 
absorption of oxygen is part of the mechanism of the action of coal 
on a photographic plate. 

Russell tentatively suggested that the production of by rog® 
peroxide may be responsible for the change in the photograp m 
plate, because the effect can be imitated by a suitable app 03 10 
of it to a plate. . , ,■ t . 

So far, it has been impossible to find a test sufficien y 
or decisive to confirm his suggestions. Daylight in t e « 
a second can bring about a result far greater than a 
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acting for a period of twelve hours. The minute quantity of 
substance in the sensitive medium of the plate involved in the 
reaction renders the difficulty of detecting a cause obvious. 

It seemed first of all necessary to inquire into the stability at 
high temperatures of the constituents of the coal that can react 
on a photographic plate in the dark, and the following describee 
how this information was obtained. 

A. 

A sample of Manvers Main coal (containing 5'7 per cent, of 
water) was ground and dried at 105° in the usual way, and 15 grams 
were introduced into a distillation tube closed at one end. The 
open end was closed by a stopper, through which was fixed a 
delivery tube connected with an aspirator filled with a mixture of 
glycerol and water; a manometer was inserted to indicate the 
slightly reduced pressure maintained throughout the carbonisation. 

The distillation tube and connexions were exhausted, and heat 
was applied by a gas furnace, the temperature of which was 
measured by a platinum-rhodium-platinum thermo-couple. The 
first experiment was made at 300°, and this was considered com- 
plete when no more volatile matters were expelled, that is, when 
gas ceased to be evolved ; this took about six hours. 

Similar experiments were made at 500°, 700°, and 1000°, the 
last being in a porcelain tube. 

The residue was removed from the tubes in turn, ground to a 
coarse powder, and placed on a photographic plate in small heaps 
covered by inverted porcelain crucibles. 

The plate* was enclosed in a light-tight box and wanned in an 
incubator to 40° for twenty-four hours. It was then developed, 
with the result shown in the illustration. 

(a) The dry sample gives the most intense image, the undried 
being slightly less in comparison. 

* An investigation was made to determine which type and speed of plate 
was most suitable for this work. In order to do this a large piece of coal 
was selected and smaller pieces of similar structure were broken from it 
and the surfaces rubbed flat- These were placed each on a different plate 
in a light-tight box which was warmed in an incubator for twenty -four hours. 
The plates used were Ilford “ Monarch,” Ordinary, Process, Chromatic^ 
Panchromatic, Super Speed Ortho, and X-Ray. The Chromatic or Pan- 
chromatic gave no image. The Ordinary gave a poor image, Super Speed 
Ortho gave a fairly good one, but the best was obtained with an X-Ray 
plate. The only difference apparently between an X-Ray plate and the other 
type is that it has a slightly thicker film. Accordingly, the X-Ray type 
el plate was chosen for this work. 

H 2 
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(6) The sample heated to 300° has much less effect; at 500° there 
is only very slight evidence of any action. 

(c) At 700° and 1000° no action can be detected. 

The black ring, so evident in the dried and undried original 
samples, is undoubtedly produced by the “vapour” pouring f rom 
the coal, as noted both by Russell and Wheeler under similar 
conditions. 


B. 

It became necessary at this stage to study the action of coal 
heated to temperatures in the region of 500° ; for the first series 
of experiments, which were repeated several times with different 
coals, establish the fact that the reactive principle is still present 
in the coal at this temperature. 

Accordingly, the working temperatures chosen were 450°, 500° 
and 550°. In order to make the investigation more compre- 
hensive, coals of widely divergent origin were carbonised at these 
temperatures under exactly similar conditions, as follows: 

(1) Two Spanish (coking and non-coking) bituminous coals of 
similar composition (kindly placed at my disposal by Prof. IV. A. 
Bone), and 

(2) Hamstead coal (Birmingham) and the ingredients of it, 
namely, durain, clarain, and vitrain, investigated by Stopes (lot. 
cit.).* 

The two Spanish and the Ilamstead coals, together with the 
ingredients of the last, were pulverised and dried. The six were 
then carbonised at the successive temperatures 450°, 500°, and 550 s , 
as follows. 

A weighed sample of each was placed in one of six separate hard 
glass tubes closed at one end, so as to form a retort, the open end 
being closed by a rubber stopper carrying a delivery tube. The 
six delivery tubes were connected to a common main, and so to a 
gasholder filled with glycerol and water. The whole of the gaseous 
products then entered the gasholder, which served to maintain an 
even reduction of pressure in all the distillation tubes. 

The tubes were heated together in an electric muffle furnace at 
the desired temperatures until all the volatile matter had been 
removed, for six hours as before. The temperature was measure 
by a calibrated platinum-rhodium-platinum thermo-couple. 

* *' Durain ” is the equivalent of “ dull ” hard coal or the Hattkohle 

of the Germans. , , 

“ Clarain " and “ Vitrain ” are the equivalent of “ bright- or g 
coal, the “ Glanzkohle ’ of the Germans. 

“ Vitrain ” gives a conchoidal fracture, brilliant iu appearance. 
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In this manner, the coals were carbonised under exactly com- 
parable conditions at the three selected temperatures. 

The residues were coarsely powdered and placed in turn on 
photographic plates, six heaps on each plate. The 'plates were 
contained in cardboard boxes, and these were placed in a specially 
constructed light-tight box, so that the carbonised products of the 
coals could be subjected to strictly comparable conditions. 

The box was placed in an incubator, maintained at 37°, for three 
weeks, after which time the plates were removed and developed 
together at the same temperature. In order to give a positive 
effect on the prints, the plates were "printed ” on to other plates, 
from which the illustrations shown were taken. 


Discussion of Results. 

The coals and separate ingredients carbonised at 450° give images 
on a photographic plate in the dark, but at 500° the effects are 
not so intense, although in some cases, such as Hamstead and 
durain, there is a decided diminution of effect. 

For a carbonising temperature of 550° the effect is not per- 
ceptible, except perhaps in the case of the Ilamstead, which is just 
perceptible. The critical point lies between 500° and 550°. 

At 450° vitrain undoubtedly gives relatively the most intense 
image; at 500° this dies away rapidly, 

Clarain is next in intensity, and also diminishes at 500°. Durain 
is less intense than either vitrain or clarain at a carbonising 
temperature of 450°, and dies away rapidly at 500°. 

The order of these intensities bears out what Stopes found for 
these ingredients at the ordinary temperature. 

The Hamstead coal carbonised at 450° gives the same order of 
intensity as durain, perhaps a little less marked, and this effect 
dies away rapidly at 500°, but is still faintly perceptible at 550°. 

The Spanish coking and non-coking coal give similar degrees of 
intensity at 450°, but, unlike the others, the effect persists more 
strongly at 500°. They show, however, no trace of effect at 550°. 

Russell’s failure to obtain an image on a photographic plate 
from a coal which had been heated at 200° for twenty-four honrs, 
a period far beyond that required to expel completely the volatile 
matters at that temperature, raises an interesting point in con- 
nexion with the destruction of the coking properties of coal by 
continued heating. Do Marsilly in 1857 found that all coking 
coals lost their property of forming coke after being heated at 
300° for some time. Anderson explains this by assuming the 
presence of a "resinoid” substance responsible for the coherence 
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of a coking coal. If, then, it he true that a resinic substance is 
responsible 0 for the coking property of a coking coal,, which can be 
destroyed by continued heating, also that the reactivity to a photo- 
graphic plate can be traced to the same principle, the cause i, 
explained. 

In the present series of experiments, the coking coals, namely, 
the Spanish, carbonised at 500°, gave quite a good coke after heat- 
ing for six hours, a time sufficiently long to expel all the volatile 
matters at that temperature. 

Since resin has a similar effect to coal on a plate, and coal is 
known to contain resin, it might he considered reasonable to con- 
clude that resin in coal is the activating agent towards the plate. 

This conclusion was contradicted when, during the course of an 
unpublished research in conjunction with Prof. Bone, the author 
found that the pure resin, or, more precisely, the resen portion 
of resin, produces no effect on a photographic plate in the dark. 

Clark. Wheeler, and Platt obtained an intense effect from the 
pyridine extract of a coal, and this is believed to contain, among 
other substances, the resinic constituents. It would seem, therefore, 
that in the pyridine extract is to he found the ingredient causing the 
action on a photographic plate, and the remaining constituents of 
this extract, other than the resen, should he responsible for this 
effect. 

This question is now under investigation. 


In conclusion, the author desires to record his best thanks to 
Prof W A. Bone for his interest, in the work; to Drs. Wheeler 
and Stopes for the loan of the specimens of Hamstead coal; to Dr 
Stopes in addition, for the specimens of durain. claram, and 
vitrain; and to Mr. Ernest Bury. M.Sc., for granting him certain 
facilities at the Skinningrove Iron Company’s works for the 
prosecution of the work during July and August, 1919. 

Imperial College of Science and Technology. 

South Kensington, S.W. 7. February 2nd. 
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XXII. — The Sorption of Hydrogen by Palladium at 
Low Temperatures. 

By James Brierley Firth. 

In a previous communication (Holt, Edgar, and Firth, Zeittch. 
'physikol . Chem.f 1913, 82, 513), a summary of the views held on 
the sorption of hydrogen by palladium is given. The view is also 
advanced that sorption takes place through an amorphous metallic 
phase, which acts as a carrier for the hydrogen to the crystalline 
metal. Further, the activity of the palladium is determined by 
the presence of the amorphous variety on the film. This amorphous 
variety is metastable, hence the decay in activity is due to the dis- 
appearance of this variety. It can be reproduced on the surface 
by heating to a red heat in a vacuum or in hydrogen, or by 
oxidising the surface and then reducing the oxide in hydrogen; the 
activity of the palladium can therefore usually be renewed by one 
of these methods. 

Andrew and Holt ( Proc . Roy. Soc., 1913, [,4], 89, 170), from a 
consideration of the heating and cooling curves in hydrogen, find 
further evidence of two states of the metal. The rapid occlusion 
of this gas is attributed to the presence of the amorphous variety. 
In absence of the amorphous film, the palladium may be quite 
passive in the cold, or at any rate the sorption may be exceedingly 
slow. At temperatures above 100°, no matter whether the 
palladium be originally passive or active, a rapid occlusion of a 
small amount of hydrogen invariably takes place. At. temperatures 
above 150°, all forms of palladium have equal affinity for the gas. 

Halla ( Zeitsch . phgsH-al,. Chem., 1914, 86, 496), in a criticism of 
the above two communications, expresses the 'dew that the 
palladium, characterised by Graham as inactive, is not really 
inactive, but apparently so owing to a film of occluded oxygen on 
the surface. 

Holt ( Proc . Roy. $oc., 1914, [A], 90, 226), from a study of the 
rate of solution of hydrogen by palladium, draws the following 
conclusion: "The rate of solution of hydrogen by palladium is not 
a simple function of the concentration of the gas in the metal. The 
rate curves consist of two portions (except in the case of palladium 
black), which have been interpreted as referring to solution in two 
different forms of the metal. The smooth rate curve for palladium 
black is taken to mean complete absence of one of these forms.” 

Paal and Amberger (Ber., 1905, 38, 1394) determined the 
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occlusion of hydrogen by palladium black at - 10° by heating f„ 
hydrogen at 110° and cooling to —10°, and found the amount of 
hydrogen considerably increased. 

Gutbier, Gebhardt, and Ottenstein (Tier., 1913, 46 , 1453), by 
the same method as Paal and Amberger, determined the occlusion 
down to -50°, and found occlusion considerably increased with 
diminution of temperature. 

Sieverts ( Zeitsch . physikdl. Chem., 1914 , 88, 105), in two com- 
munications, shows that from 100° to 1500° occlusion diminishes 
with rise of temperature. Palladium black at 137° occludes larger 
volumes than foil' at the same temperature. At higher tempera- 
tures, amorphous and crystalline palladium occlude hydrogen bv 
solution merely; at lower temperatures, amorphous palladium takes 
up further quantities by adsorption. 

S. Schmidt (Ann. Physik, 1904, [iv], 13 , 747) finds that at 
temperatures between 140° and 300° the volume of hydrogen 
occluded increases with fall of temperature; below 140°, the results 
were not concordant. 

Partington (Trans. Faraday Snc., 1919, 14 , 259) calculates the 
heat of dissociation of hydrogen from the dissociation pressures of 
"palladium hydride" given by Troost and Tlautefeuille (Com pi-, 
rend.. 1874, 78 , 686), and obtains the value 456S gram-calories, 
which is in close agreement with the experimental value, 4672, 
obtained by Mond, Ramsay, and Shields (Trans. Toy. Soc., 1893, 
[,11. 191 , 105). 

The object of the experiments described in the present com- 
munication was to study the activity of palladium at low tempera- 
tures, in particular at the temperature of liquid air and at 0°, and, 
so far as possible, to determine the equilibrium pressures under 
these conditions. Previous investigators have apparently had a? 
their object the maximum volumes which can ho occluded by 
palladium at low temperatures, and have started occlusion at some 
higher temperature and cooled the palladium to the required 
temperature (compare Paal and Amberger). In the present work, 
the maximum occlusion attainable was not given any special con- 
sideration. It. is the opinion of the author that the existence ot 
at least two allotropic modifications of palladium has already been 
proved, namely, a-, or amorphous, palladium, and 6-, or 
line, palladium. The a-form is highly active, and is responsible tor 
rapid occlusion at temperatures up to about 150°; it is m ■' 
capable of acting as a carrier to the 0-variety, which may e c ° , 
pletely passive or moderately active, according to condi ions 

The term "adsorption” is used to indicate rapid occlusion of 
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hydrogen, that is, where diffusion is not a determinable factor. 
“Absorption” denotes the slower process, in which the rate of 
diffusion or solution is a determinable factor. “ Sorption ” is used 
as a collective term, and includes adsorption and absorption 
(compare McBain, Phil. Mag., 1909, N, 18, 916). 

Experimental. 

The apparatus used is indicated in Fig. 1. Bulbs I and II are 
of quartz, and contain the palladium, each bulb being connected 
to a separate manometer. A and B are reservoir bulbs of about 
250 c.c. capacity. C is a large bulb of about 1 litre capacity used 
as a reservoir for hydrogen. 

The hydrogen was prepared by the electrolysis of barium hydr- 
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oxide in U-tube D, and dried by passing through tubes E and F 
containing phosphoric oxide. 

The apparatus can be exhausted through tube G, v-hich is con- 
nected with a Toepler pump, H being a drying tube containing 
phosphoric oxide. Bulbs I and II were immersed in cooling baths 
to h and h' respectively. 

The palladium foil used in these experiments was from the same 
sample as that employed in the previous research (Holt, Edgar, 
and Firth, Zeitsch. physikal. Chem., 1913, 82, 513). 

Bulb I contained 1-0075 grams of palladium foil, and bulb II 
1-0100 grams. 

(a) The palladium, as received, was exposed in bulb I to hydrogen 
the ordinary temperature (16'8°) and atmospheric pressure 
(758 mm.). Bulb II was immersed in liquid air, and then hydrogen 
admitted to atmospheric pressure. 
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The manometer remained at zero for more than four hours, uq 
hydrogen being sorbed in either case, that is, the palladium wag 
inactive. 

(6) The palladium in bulbs I and II was heated to a red heat 
in a vacuum for about five minutes, bulb II was then immersed 
in liquid air, and bulb I kept at the ordinary temperature (16'4°), 
both samples being exposed to hydrogen under atmospheric pressure 
(757 mm.). After four hours, the liquid air was removed, am) 
both samples were left in contact with hydrogen overnight at the 
ordinary temperature. Next morning, the amount of hydrogen 
sorbed by 1 volumo of palladium (volumes of hydrogen corrected to 
N.T.P.) was as follows: 

Bulb I, 10 vols. Bulb II, 0 vol. 

(c) Experiment (6) was repeated, with the following result: 

Bulb I, 12 vols. Bulb II, 3 vols. (approx.). 

(rf) The palladium in bulbs I and II was heated to a red heat 
in a vacuum for one hour, and then exposed to hydrogen exactly 
as in ( b ). Result: 

Bulb I. 14 vols. Bulb II, 3 5 vols. 

From the above results, it appears that heating in a vacuum has 
failed to activate the palladium to any great degree, and, further, 
the sample immersed in liquid air always gave a lower result. 

(e) The palladium from each bulb was then transferred to a 
crucible and heated in air for two hours in order to coat it with 
a thin film of oxide, the palladium then being returned to the 
bulbs. The bulbs were exhausted, bulb II was immersed in liquid 
air and then exposed to hydrogen at atmospheric pressure, and 
bulb I exposed to hydrogen at the. ordinary temperature (15'8°) 
and atmospheric pressure (758 mm.). Result: 


Bulb I. 

Hydrogen rapidly sorbed : 

10 mins 240 vols. 

11 mins 432 „ 

Noxt morning ... 684 „ 


Bulb TI. 

hydrogen sorbed while in liquid air 
S hours). After 6 hours, liquid-air bath 
erooved, no sorption took place far -o 
oinutes, then sorption began, slowly a 
irst, with increasing rapidity, 
mins, after removal of liquid air 10 

” ” ” 108 !! 

” ” ” 227 „ 


If) The palladium in bulb II was oxidised by heating m > 
two hours and the bnlb exhausted. About 1 c.c. of hydrog ^ 
admitted to reduce the oxide, and the bulb again e * “ s ^ 
was then immersed in liquid air and hydrogen a mi 
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spheric pressure. No sorption took place during a period of six 
hours, when the liquid air was removed and the palladium allowed 
to attain the ordinary temperature. After thirty-two minutes, 
sorption began, and finally 742 volumes were sorbed. 

(p 1 ) The palladium in bulb I was oxidised by heating in air for 
two hours, and then exposed to hydrogen under atmospheric 
pressure. Hydrogen was taken up immediately, and, after 377 
volumes had been sorbed, the bulb was immersed in liquid air, with 
the result that sorption ceased; after three hours, the liquid-air 
bath was removed and the palladium allowed to attain the ordinary 
temperature. After ten minutes, hydrogen was rapidly sorbed, 
and finally 798 volumes were taken up. 

After expelling the hydrogen from the palladium in each case 
at a dull red heat, and when the palladium had again reached the 
ordinary temperature, the samples were immediately exposed to 
hydrogen, but no sorption took place, even after a period of two 
days, therefore the palladium had become inactive. 

From the above experiments, it would appear (a) that “active " 
palladium is “inactive” at liquid-air temperature; (b) that the 
immersion in liquid air tends to retard the activity at the ordinary 
temperature, and to some extent to lower the sorption value. 

The film of oxide on the palladium did not appear to have been 
removed while in the liquid-air bath in experiment (e). 

In order to determine more fully the influence of liquid air on 
the activity of palladium, the following experiments were made, 
Before each experiment, the palladium was activated by heating 
it in air for two hours, thus becoming coated with a thin film of 
oxide. The only difference between each experiment was in the 
length of time of cooling at liquid-air temperature. After the 
removal of the liquid air, the bulb was dried externally, and, after 
a lapse of five minutes, exposed to hydrogen at the ordinary 
temperature and atmospheric pressure. The rates of sorption were 
then observed, and the results obtained are shown graphically in 
Fig. 2. The first curve is the normal curve, the palladium having 
beeu exposed to hydrogen at the ordinary temperature (16-5°) with- 
out any previous cooling. Curves II, III, TV, and V represent the 
results after previous cooling in liquid air for one, three, six, and 
nine hours respectively. On comparing the results, it appears that 
there is a definite “lag” in the activity of the palladium after 
cooling in liquid air, and, further, the longer the periods of cool- 
ing the longer is the “ lag.” When the sorption does commence, it 
is very slow at first, but soon becomes normal. 

From the foregoing experiments, it would appear that not only 
is the palladium, which is active at the ordinary temperature, 

H* 2 
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inactive at liquid-air temperature, but on returning to the ordinary 
temperature it is temporarily passive to hydrogen, the period of 
passivity depending on the duration of cooling. It is clear that 
this passive condition of palladium is different from the variety 


Fra. 2. 



Time in minutes. 


which is '■ dead,” irrespective of the time of contact with hydrogen. 

since it returns to normal activity. ■■ native” to the 

In order to delay the transformation from the p ^ 

“ active ” condition, another scries of ^experiments ^ 

differs from the series just described only m tb jg series, tl« 
which the palladium was exposed to hydrogen. 
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palladium was placed in a bath of melting ice immediately on 
removal of the liquid-air bath. These experiments were carried 
out in bulb I, and simultaneously a second series in bulb II was 
carried out in which the palladium was cooled in an ice-bath for 


iliil 


ran 


u zu 40 CO 80 100 120 140 160 180 200 

Time in minutes. 

Ice bath only. 

the same period as bulb I was cooled in liquid air before exposing 
to hydrogen at 0°. The results obtained in both cases are shown 
graphically in Fig. 3. Commencing from the left of the diagram, 
the continuous curves represent the results after cooling with liquid 


178 


FIRTH : THH SORPTION OF HYDROGEN BY 


air for one, three, six, and nine hours, respectively, prior t 0 
exposure to hydrogen at 0°. 

The broken curves represent the results after cooling at 0° f or 
one, three, six, and nine hours, respectively, prior to exposure to 
hydrogen at 0°. 

From these results, it would appear that not only does the ice- 
bath increase the period of passivity of the palladium after coolin» 
in liquid air, hut also the palladium becomes passive after coolin» 
at 0°. After a time, however, sorption begins, even at 0°; the rate 
is very slow at first, but finally reaches a normal one. 

In all cases, the period of “ lag ” increases with time of previous 
cooling. 

Further experiments were made in which additional precautions 
were taken and any disturbing factors eliminated so far as possible. 

It was observed that several of the pieces of foil were very ranch 
pitted by repeated use, so fresh pieces of foil, each about 0-25 
sq. cm., with smooth surfaces were selected. 

1 0105 Grams of foil were oxidised by heating in air for four 
hours in order to obtain a uniform film, and then carefully intro- 
duced into bulb I, and again heated in air to oxidise any portion 
which had been accidentally nibbed while being transferred to the 
quartz bulb. The bulb was exhausted and cooled in a double ice- 
bath for twenty-four hours, after which period hydrogen was care- 
fully admitted. Care was taken to eliminate any vibration by 
avoiding unnecessary movement in the vicinity of the apparatus 
and by not disturbing the apparatus during the replenishing of the 
ice-baths. 

By taking all conceivable care, a permanent period of inactivity 
seemed to be obtained. The palladium remained inactive for forty- 
eight hours, after which the activity under ordinary conditions was 
tested by the removal of the ice-bath. The palladium remained 
inactive for a further period of 14."> minutes, after which sorption 
began, the rate being slow at. first. The results were as follows: 


145 iritis. 
175 „ 
190 „ 
195 „ 
Final 


0 0 vol. 

10-3 vote. 

9 SO „ 

187-8 „ . 

778-5 vote, (excluding initial 


adsorption' 


Several attempts were made to repeat this experiment, an ^ 
consecutive experiments gave the following periods of - 

(a) 5 hours; {'■) 3 hours 37 minutes; (c) 48 hours; (?) 

11 minutes. In experiment (r), the passivity was conan er _ 
manent, and the ice bath was removed at the end o ^ . 
The final volume? sorbed in the above cases were. {< l 
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(4) 805 vols. ; (c) 803 vols.; (d) 792 vols* Why sorption com- 
menced in experiments (a) t (b) t and (./) is not quite clear from the 
present information, but possibly some local disturbance occurred. 

In all experiments at 0°, the oxide appeared to be reduced 
immediately on admission of hydrogen. In order to test this point, 
a further series of experiments was performed in which the oxide 
was first reduced by admitting 1 c.c. of hydrogen before cooling 
to 0°, exhausting as completely as possible, and cooling at 0° for 
twelve hours before admitting hydrogen. The periods of passivity 
in five experiments were: (a) 7 hours 10 minutes; (b) 45 minutes; 
(c) 26 hours 19 minutes; (d) 15 hours 42 minutes; («) 11 hours 
17 minutes. 

The volumes sorbed were: (a) 812 vols.; (b) 819 vols.; (c) 807 
vols.; (d) 798 vols.; (e) 817 vols* 

The palladium in bulb I was heated in air for two days; the 
oxide film was reduced by admitting 1 c.c. of hydrogen, and then 
allowed to remain for two days at the ordinary temperature in a 
vacuum. Hydrogen was then admitted at the ordinary tempera- 
ture and atmospheric pressure (757 mm.). The gas was slowly 
sorbed, and, after twenty-four hours, only 227 volumes of gas had 
been occluded. Hence the a-variety had been largely transformed 
into the ^-variety. 

In order to test further the reduction of palladium oxide at 0°, 
0‘5 gram of palladium oxide was cooled in bulb I for one hour, and 
then exposed to hydrogen. The oxide was instantly reduced. 

In the experiments previously described, the hydrogen was 
admitted until atmospheric pressure was reached, an operation 
which only took a few seconds, but rapid adsorption (if any) would 
take place during the admission of the hydrogen and would not be 
recorded on the manometer. In order to determine the extent of 
such adsorption, the following experiments were made. 

(a) 1 - 0150 Grams of inactive palladium were exposed to hydrogen 
at 16’7° and atmospheric pressure (758 mm.). The bulb was 
immersed in liquid air, when the manometer rose rapidly, and then 
remained steady. Hydrogen was next admitted until the pressure 
was atmospheric. The bulb was then opened to the pump and the 
liquid-air bath removed, the hydrogen being pumped off and 
measured. After correcting for adsorption by the wall of the 
quartz bulb (from a blank experiment), it was found that 143-9 
volumes of hydrogen had been adsorbed. 

(b) The palladium was rendered active by oxidising the film in 
air. It was then cooled to liquid-air temperature and exposed to 

^Excluding the initial adsorption which took place immediately on 
admitting hydrogen. 
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hydrogen under atmospheric pressure. The volume of gas adsorbed 
was measured as before. On attaining the ordinary temperature, 
some of the gas passed into the interior of the metal, and the l ast 
traces of hydrogen were removed by heating to a dull red heat. 
The volume of the gas corresponded with an adsorption of 31- 
volumes. 

( c ) Similar experiments at 0° gave adsorptions of 17'5 vo ] 8 
and 45 vols. respectively. In the case of active palladium, measure- 
ment was made after fifteen minutes and before any apparent 
diffusion into the interior of the metal had taken place. 

(d) Palladium activated by oxidising in air was saturated with 
hydrogen at the ordinary temperature and atmospheric pressure, 
and approximately 815 vols. were taken up. The palladium was 
then cooled in liquid air, the hydrogen being maintained under 
atmospheric pressure. The total gas was measured as before, the 
last portion of hydrogen being evolved by heating to a dull red 
heat. Hydrogen corresponding with a sorption of 1156 vols. was 
collected, being an addition of 341 vols., due to cooling. 

(e) A similar experiment at 0° gave an increase of 74 5 vols. 
over that sorbed at the ordinary temperature. 

(/) Active palladium was saturated with hydrogen at liquid-air 
temperature, as described in experiment ((f), and as much as possible 
was removed while at liquid-air temperature. After pumping off 
the gas for six hours. 415 vols. of gas were removed, and the mano- 
meter registered a vacuum. After remaining for one hour, 110 
change in pressure was observed, and it was not possible to pump 
off measurable quantities of gas at this temperature within a 
reasonable time. On removing the liquid-air bath and heating to 
redness, 727 vols. of gas were evolved, 

(g) Active palladium was cooled in a freezing mixture at -11° 
in a vacuum for thirty minutes, and then exposed to hydrogen 
under atmospheric pressure. No absorption took place after twelve 
hours' contact, and 117 vols. of hydrogen were, adsorbed. 

(h) Active palladium saturated with hydrogen at 15'7°, then 
cooled in a freezing mixture to -11°, gave a total sorption of 
987 vols. 


Determination of Equilibrium Pressures at 0 . 

The palladium was oxidised by heating in air for thirty minutes, 
the bulb immersed in an ice-bath, and, after ten minutes, expose 
to successive quantities of hydrogen, equilibrium being a* aine 
after each addition. , , 

On the first addition there was a lag of twenty-three mini 
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on the second addition a lag of three minutes, but on each Bub- 
sequent addition sorption began immediately. 

The results are given in table I, and are shown graphically by . 
curve AB in Fig. 4. 


Table I. 


C.c. of gaa occluded by 1 vol. of 

metal 

Equilibrium pressure in mm. ... 

VPjb 

Pac* 

P'abI V 

G.c. of gas occluded by 1 vol. of 

rnetal 

Equilibrium pressure in mm. ... 

Jp7h 

Pac' 

P'adIV 


55-8 

116-2 

782-5 

260-6 

336-8 

6-5 

8-4 

10-5 

12-75 

14-8 

— 

2-92 

3-24 

3-57 

3-87 

— 

1-9 

3-0 

3-2 

3-7 

— 

0-6082 

0-6057 

0-6243 

0-6501 


405-4 

460-4 

544-3 

571-6 

613-5 

26-5 

36-3 

72-8 

87-5 

105-9 

5-15 

6-02 

8-53 

9-35 



4-6 

5-6 

8-4 

9-6 



1-734 

2-828 

9-7 

13-4 

— 


* From graph AC Fig. 4. 


The hydrogen was then removed in successive stages and the 
"equilibrium” pressure determined after each removal. The 
results are given in table II and shown graphically by curve A C 
in Fig. 4. 

Table II. 

C.c. of gas oc- 
cluded by 1 

vol. of metal 613-5 597-1 576-G 525-2 452-1 376-5 297-9 212-1 163-1 94-8 
Equilibrium 
pressure in 

mm 105-9 18 2 10-2 7-6 5-8 4-4 3-5 3 1 2-5 1-5 


It will be observed that for the same concentration of hydrogen 
there are two “equilibrium” pressures, and a similar result was 
obtained by Holt, Edgar, and Firth ( Zeitsch . physikaL Che.m 
1913, 82 , 513). In this case, the difference in the two cases is 
not so marked. The curve AB at 100° showed no horizontal por- 
tion, and was not in any way similar to AC, whereas at 0° the 
results give similar curves. 

The curve AB may be taken to represent the equilibrium 
pressures of “ adsorbed ” hydrogen, and AC (lower portion) that of 
the " absorbed ” hydrogen. 

The relationship between the two sets of results may be 
approximately represented thus: 

or v 'p;»='iV 

In table I values for P S AB /V are given, and the results show that 
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below 400 vols. the value approaches a constant ; similarly, pt 
would approach the same constant. These results would 'ind'” 
a difference in molecular complexity between the hydrogen i 
surface layer and that in the interior of the metal. W 


Fiq. 4, 



Conclusions. 

The inactivity of the palladium used in the first three experi- 
ments cannot l>e reasonably attributed to the presence of a film of 
oxygen, as suggested by Balia, since in the second and third expert 
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ments a small amount of hydrogen was occluded and expelled by 
heat, which would remove the last traces of oxygen. 

Sieverts and others have shown that at high temperatures the 
occlusion of hydrogen is one of simple solution, or “ absorption,” 
whilst the experiments herein described show that at low tempera- 
tures u adsorption ” only takes place. The limiting temperature 
for diffusion into the interior is probably about 0°. Where the 
palladium has been previously saturated with hydrogen and cooled 
to a temperature below 0°, the increase in volume is due to 
adsorption. 

The conclusions may be briefly stated thus : 

(a) Below 0°, adsorption only. 

( b ) 0 — 150°, adsorption followed by absorption. 

ic) Above 150°, absorption only. 

The Chemical Department, 

University College, 

Nottingham. [ Received , December 12 th , 1919.] 


XXIII . — The Interaction, of Chlorine and Marsh 

Gas under the Influence of Light. The Con- 
version of Methyl Chloride, to Methyl Alcohol and 
Methyl Acetate. 

By John Reginald IIarvey Wiiiston. 

The photochemical interaction ot chlorine and methane has been 
the subject of several investigations. Frankland (Quart. Jonrn. 
Ckem. Soc., 1850, 3, 338), who first studied the reaction, believed 
that the principal product was methyl chloride when equal volumes 
of the two gases were taken, and principally methylene dichloride 
when the volume of the chlorine was twice that of the methane. 
Berthelot (Ann. Chim. Phys., 1858, [iii], 52, 97) stated that one- 
third of the residue obtained after the removal of hydrogen chloride 
from the products of interaction of equal volumes of methane and 
chlorine in diffused daylight was inethyl chloride. J. Walter 
(B.R.-P. 222919) has patented a method of chlorinating methane 
under the action of light, whilst C. W. Bedford (.7. Ind. Eng. 
''hem., 1916, 10, 1090) effects the chlorination of natural gas in a 
chamber containing ice with light from the white flame arc. The 
latter investigator states that the principal liquid products of the 
reaction are methylene dichloride and .chloroform, up to 40 per 
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cent, of methyl chloride being present in the gases removed f rMt 
the chamber after the reaction has been proceeding for a f cw 
minutes. 

The present work was originally undertaken in order to r] el5r 
mine whether it was possible to convert a sufficiently large proper 
tion of the chlorine into methyl chloride to employ the reaction 
as an economic method of synthesising methyl alcohol on the iar 
scale, as it has been shown by D. L. Chapman that methyl chloride 
can be almost quantitatively hydrolysed to methyl alcohol under 
the proper conditions. It was found, however, that not more than 
25 per cent, of the chlorine forms methyl chloride in a mixture of 
2 f volumes of methane to 1 volume of chlorine, and only 10—]3 
per cent, in a mixture of equal volumes. 


Experimental. 

In the first, series of experiments, natural gas from a blower in 
South 'Wales, containing a high percentage of methane, and com. 
mercial liquid chlorine were used, no attempt being made to purifv 
them, except that they were dried, the marsh gas by passage through 
a long tube of calcium chloride, the chlorine by concentrated 
sulphuric acid. Preliminary experiments made with mixtures of 
marsh gas and chlorine in the ratio 2 : 1 showed that there was no 
combination in the dark, a slow combination under the influence 
of light from an ordinary 60-watt metallic filament lamp placed 
30 cm. from the reaction vessel, and a much more rapid com- 
bination if an arc light was used. It was incidentally observed 
that if the gases contained a very small amount of nitrosyl chloride, 
practically no action took place, even in the strongest light 

The quantitative estimation of the methyl chloride produced in 
the photochemical interaction of measured volumes of chlorine and 
marsh gas was effected with the aid of the apparatus depicted 
on p. 185. 

Method of Separation of the Proiinrtg of the Reaction. —Tee 
hydrogen chloride formed was easilv removed by circulation throtijjl 
the tubes of soda-lime. The separation of the methyl chloride 
from the higher chlorinated products was more difficult, lot 
advantage was taken of the large difference between the boiling 
points of methyl chloride and these other products, the vanoui 
boiling points being: 


Methyl chloride —24*1° 

Methylene dichloride 41*6° 

Chloroform fit '2° 

Carbon tetrachloride.. 76-7° 
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The method adopted, therefore, wa 8 to condense the methylene 
dichlonde, chloroform, and carbon tetrachloride in the small con- 
densing apparatus by a freezing fixture of carbon dioxide and 
ether and then to raise the temperature of the condensing apparatus 
to 0°, when any condensed methyl chloride evaporates, and this 
together with the uncondensed methyl chloride, is then condensed 
in the charcoal tube, the latter being kept at 0°. A small amount 
of marsh gas also condenses in the charcoal, but by a test experi- 
ment made with a mixture of marsh gas and methyl chloride (pre- 
pared by the method due to Groves, Journ. Chem. Soc., 1874 27 
641), it was shown that, provided the charcoal was kept at 0°, the 
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A — Sprengel pump. 

B Tube in which the gases pumped out by the pump could be collected. 
(/-—Tube packed with soda-lime to absorb hydrogen chloride formed in the 
reaction. 

^ reaction vessel of about 1750 c.c. capacity. 

B — Manometer. 

B Tube packed with wood charcoal. 

G~~ A small condensing apparatus capable of being inserted in a thermos 
flask. 

H— Tube packed with calcium chloride and soda-limo. 

K Tube communicating through a three-way tap with tho collector B. 

The three-way taps in the apparatus are denoted by a, b, c, d, e, f, g, 
and /»; an d the two-way taps by l, m, n, o, and p. 

J 16 var *°us portions of the apparatus were divided into four volumes: 

^ From two-way tap o through b, c, D to f. 

From three-way tap b through C to a fixed mark on the collector B. 
i From three-way tap j through g t h (omitting the charcoal tube F) 
o wo -way tapB l and n on the condensing apparatus G. 

1 volume of the condensing apparatus between taps l and m. 
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condensed marsh gas could be pumped off without removing any 
appreciable amount of the methyl chloride. The latter could he 
pumped off if the charcoal tubg was heated to 300° by immersion 
in a tube of concentrated sulphuric acid. No attempt was made 
to separate the higher chlorinated products of the reaction from 
each other. 

Experimental Details. — The method of conducting an experiment 
was as follows : 

(1) The entire apparatus was first exhausted by the Sprengel 
pump. 

(2) Marsh gas, dried by passing slowly through a tube packed 
with calcium chloride, was then admitted to the volume, V, through 
tap e until the required amount as shown by the manometer had 
been admitted. 

(3) The three-way tap b was then opened to allow the marsh 
gas to fill the volume, V t also. 

(4) Chlorine, dried by concentrated sulphuric acid, was then 
admitted through tap c into the volume, V, until the required 
amount had been«admitled. 

Note. — The admission of chlorine was always carried out in red 
light. 

(5) The chlorine was then swept out of the capillary tubes into 
the reaction globe, D, by increasing the pressure on the marsh gas 
in the volume, F,, by means of mercury admitted into the collector 
from the side-tube K, and then momentarily opening tap b. 

(6) The mixture was allowed to remain overnight to ensure that 
the chlorine had completely diffused through the marsh gas. From 
daybreak (about 5 a.m.) until 9 a.m. the mixture was exposed 
to daylight admitted through the windows of the laboratory, and 
then, although the green colour of the chlorine had completely 
disappeared, it was exposed for about one hour to the arc light 
to make sure that combination was complete. That this was so 
was further shown by the fact that the mercury in the apparatus 
was not attacked during the remainder of the experiment. 

(7) The condensing apparatus was then immersed in a freezing 
mixture of carbon dioxide and ether, and the gaseous mixture 
circulated through the whole of the apparatus (except the char- 
coal tube) by means of the Sprengel pump. When the manometer 
indicated that no further condensation would occur, circulation was 
stopped. 

(8) Iced water was then substituted for the carbon dioxide and 
ether, the charcoal tube also surrounded by iced water, tap m 
closed, tap n opened, and circulation recommenced, this time 
through the charcoal tube. 



MARSH GAS UNDER THE INFLUENCE OF LIGHT. 187 


(9) When condensation was complete, tap l was closed, and the 
apparatus from tap / on the manometer to the fall tube of the 
Sprengel pump (including the charcoal tube) exhausted. When 
this was complete, the difference between the combined pressures 
of the chlorine and marsh gas originally admitted and the pressure 
of the residual marsh gas gave the pressure due to the now con-, 
densed products of the reaction. 

(10) The charcoal tube was then immersed in a tube of concen- 
trated sulphuric acid, which was heated to 300°, and the methyl 
chloride evolved was pumped into the volumes, V+V lf of the 
apparatus. It was found that the last traces of methyl chloride 
could be more easily removed if marsh gas was admitted three or 
four times to the charcoal tube from the reaction vessel, C. The 
increase in pressure observed when all the methyl chloride had 
passed off was therefore the pressure of the methyl chloride. 

Note . — By removing the small condensing apparatus, it was 
possible to determine the weight of the higher chlorinated products 
of the reaction, namely, methylene dichloride, chloroform, and 
carbon tetrachloride. 

Experiments . — Two experiments were made with marsh gas and 
chlorine in the proportions: 

(a) Marsh gas to chlorine -2*80 : 10. 

(ft) Marsh gas to chlorine = 1-075 : 1 0. 

A third experiment was made with pure methane, which was pre- 
pared by the method described by Gladstone and Tribe (T., 1884, 
45 , 154) from a mixture of methyl iodide and methyl alcohol 
dropped on to the zinc-copper couple. The methane evolved was 
passed through a thin-walled vessel surrounded by a freezing mix- 
ture of ice and calcium chloride to remove any methyl iodide, then 
through two tubas containing concentrated sulphuric acid to remove 
alcohol, and finally collected over water. In this experiment, the 
proportions were : 

(c) Methane to chlorine — 1T2 : TO. 

The results obtained in these experiments are given below : 


Percentage of chlorine Percentage of chlorinated marsh 
converted to methyl gas [methane in Expt. 3) converted 


Experiment. 

chloride. 

to methyl chloride. 

1 

24-5 

45-9 

2 

9-9 

22-7 

3 

131 

27*7 


The results show that the proportion of chlorine converted to 
methyl chloride is too low to make the process an economical one 
for the preparation of methyl alcohol from methyl chloride pre- 
pared in this manner. No analysis was made of the easily con- 
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densed products of the reaction (methylene dichloride, chloroform, 
and carbon tetrachloride), but there is reason to believe that the 
amounts of these formed were substantially the same as those found 
by Bedford ( loc . cit.) working with natural gas and chlorine in the 
proportion of 7:1. Bedford analysed the liquid product obtained, 
and found it to contain : methylene dichloride, 35 ; chloroform, 35 • 
carbon tetrachloride, 5 ; chloroethanes, 20 per cent. ; whilst the 
portion dissolved in the water contained : methylene dichloride, 61 • 
chloroform, 28; carbon tetrachloride, 15; chloroethanes, 6 per cent. 


The Conversion of Methyl Chloride to Methyl Alcohol and Methyl 
Acetate. 

The following details have been very kindly supplied to me by 
Mr. I>. L. Chapman: 

It is well known that the hydrolysis of alkyl chlorides presents 
difficulties. E. Szarvasy ( J . Soc. Chem. Ind., 1916, 35, 707) 
showed that methyl chloride can be slowly hydrolysed by heating 
it with alkali to 140° under a pressure of 20 — 24 atmospheres, and 
Lacy has shown that the time of hydrolysis is reduced by adding 
lime to the alkali. Hibbert and Brooks (J. Amer. Chem. Soc., 
1916, 38, 1368) have also conducted an investigation on the pre- 
paration of amyl alcohol from amyl chloride under similar condi- 
tions. They have also investigated the preparation of the acetate 
by the action of amyl chloride on sodium acetate. The yields never 
exceeded 50 per cent., as the amyl alcohol and amyl acetate were 
both partly converted into amylene. Kaufler (Brit. Pat, 2779 
and 3133 of 1913), using a porous and voluminous form of sodium 
acetate, converted the alkyl chlorides into acetates at a lower 
temperature than with the ordinary fused sodium acetate, and he 
recommends the addition of a small quantity of copper acetate to 
the sodium acetate, but Hibbert and Brooks found cuprous acetate 
ineffective as a catalyst. 

Experimental. 

The methyl chloride was prepared by the method due to Groves. 
It was washed with sodium carbonate solution, scrubbed with con 
centrated sulphuric acid to remove methyl ether and the vapour of 
methyl alcohol, and then passed through the reaction tube heated 
in a gas furnace, which was maintained at a constant temperature 
by means of a thermoregulator. 

Preparation of Methyl Acetate. — Using fused sodium acetate, 
methyl chloride begins to act at about 280°, and above 300° the 
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iction is moderately rapid at the start, but soon falls off quickly, 
Dwing, no doubt, to the formation of a protective layer of sodium 
jhloride on the surface of the sodium acetate. Moreover, if the 
reaction is continued, the liquid product contains only 89 per cent, 
of methyl acetate, 2‘8 per cent, of the impurity being acetone, the 
remainder of the impurity not being identified. The residue left 
in the tube was found to be charred, but still contained some sodium 
acetate. 

When sodium benzoate in the form of a very voluminous and 
porous network of crystals (prepared by adding the theoretical 
amount of sodium carbonate to a solution of benzoic acid, and then 
evaporating the solution of sodium benzoate) was used instead of 

Fio. 2. 
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sodium acetate, it was found that the methyl chloride was con- 
verted quantitatively to methyl benzoate, at ,300—305°, the residue 
left in the tube being quite colourless. This was undoubtedly due 
to the porous condition of the sodium benzoate, and consequently 
suggested that the reaction, using sodium acetate, would also be 
complete if the sodium acetate were in a similar porous condition. 
A porous form of sodium acetate can be obtained by the action of 
glacial acetic acid on sodium carbonate, but to convert the whole 
of the carbonate into acetate, an excess of acetic acid must be used, 
and this is difficult to remove completely. It was found that a 
much more convenient method consisted in simply drying hydrated 
sodium acetate at 140°. Using the sodium acetate in this form, the 
methyl chloride was almost completely converted into methyl 
acetate. The apparatus used is depicted above. 



190 THE INTERACTION OF CHLORINE AND MARSH GAS, ETC. 

The reaction tube was kept at 290° for four hours, and at 

295 297° for a further four hours. At the end of this time, 

methyl acetate was still slowly distilling over. It was found to be 
essential to stop the reaction when about 60 — 70 per cent, of the 
sodium acetate had been decomposed, and the unchanged acetate 
can be easily recovered from the residue by crystallisation or 
obtained as acetic acid by treating the residue with the calculated 
amount of hydrochloric acid and then distilling. 

Preparation of Methyl Alcohol . — Preliminary experiments 
showed that below 270° methyl chloride and steam do not interact 
at all, whilst between ‘ll0° and 320° only small quantities of methyl 
alcohol and hydrogen chloride were produced. Consequently, 
attempts to hydrolyse methyl chloride by steam were discontinued. 
It was found, however, that methyl chloride acts on slaked lime 
and soda-lime at a convenient rate to give methyl alcohol, but with 
soda-lime some of the alcohol is lost, owing to the action of the 
alkali on it to give hydrogen and sodium formate. It was then 
found that, using the same apparatus as was used for the pre- 
paration of methyl acetate, but with slaked lime kept at 300° in 
place of the sodium acetate, the conversion of methyl chloride into 
methyl alcohol was also almost quantitative, a small loss being due 
to the formation of some methyl ether from the alcohol by loss of 
water. 

Conclusions. 

(1) The photochemical interaction between methane and chlorine 
never stops at the first possible stage to give only methyl chloride, 
but always continues further, giving a mixture of all the possible 
chlorinated products, in which methylene dichloride and chloro- 
form predominate. 

(2) Methyl chloride can be completely converted to methyl 
acetate by passing it over porous sodium acetate at 290 — 297°. 

(3) Methyl chloride can ho almost completely converted to 
methyl alcohol by passing it over slaked lime at 300°. 

My best thanks are due to Mr. D. L. Chapman for his advice 
and help during the progress of the work, and also to the Depart- 
ment of Scientific and Industrial Research for a grant enabling 
the work to be carried out. 

The Sir Leoline Jenkins Laboratories, 

Jesus College, Oxford. [Received, January 241?,. 19-0,] 
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XXIV .—Studies in the Resolution of Racemic Acids 
by Optically Active Alcohols. Part I. The 
Resolution of r - Tartaric Acid by 1- Bomeol. 

By Henry Wren, Howell Williams, and William Whalley 
Myddleton. 

The possibility of using optically active alcohols for the resolution 
of racemic acids and, conversely, of active acids for the fission of 
racemic alcohols appears to have been first suggested by Frankland 
(Pasteur Memorial Lecture, T., 1897, 71, G96), but efforts in this 
direction have generally met with little success. Thus, Frankland 
and Price (T., 1897, 71, 253) found that resolution was not effected 
tv crystallisation of d-amyl r-dibenzoylglycerate, whilst McKenzie 
(T,, 1904, 85, 384) was unable to resolve Z-menthyl r-mandelate by 
repeated crystallisation. The latter substance has been the subject 
of extended investigation by Findlay and Miss Hickmans (T., 1907, 
91, 905), who found, by observation of the freezing-point curves, 
that f-menthyl r-mandelate exists in the liquid state at the tem- 
perature of its melting point, at which it is dissociated into its com- 
ponents to the extent of about 50 per cent., whilst, subsequently 
(T, 1909, 95, 1386’|, they showed by measurement of its solubility 
that it cannot, be resolved by crystallisation from aqueous or 
absolute alcohol at any temperature above -15°. Similarly. 
McKenzie and Wren (T., 1907. 91, 1222) observed that di-f-bornyl 
rtartrate was not resolved into its diastereoisomerides by repeated 
crystallisation from methyl alcohol. 

The only completely successful instance of a resolution of this 
type which appears to have been recorded up to the present is that 
described by Rupe and Haussler (Anraten, 1909, 369. 324). wbo 
found that Z-menthyl /-/J-phenylbutyrate crystallises from the 
product of the action of 7-menthol on r-B-phenvlbutyryl chloride, 
and that it can be converted into 7-/3 phenylbutyric acid by treat- 
ment with alcoholic potassium hydroxide solution. Subsequently. 
Stipe and Kerkovius (Her , 1913, 45, 1398) showed that 7-menthvl 
/Z n/J-diphenylpropionate can be separated into its diastereoiso- 
merides by fractional crystallisation from alcohol, blit they were 
unable to isolate the corresponding acids in a condition even 
approximating to optical purity on account of the great- readiness 
with which racemisation occurred when the esters were hydrolysed 
with alcoholic alkali. 

The esters which have been investigated in this manner are all 
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normal in type. A short time ago Vv rcn and Still (T., 1917, 111, 
513), during the course of an examination of the Z-menthyl esters 
of the diphenylsuccinic acids, observed that, whilst Z-menthyl hydro- 
gen r-diphenylsuccinate is not resolved by crystallisation from light 
petroleum, its sodium salt could he partly resolved by crystallisation 
from water or by agitating its aqueous suspension with ether, whilst 
fission also occurred when the potassium salt was fractionally 
extracted with boiling ether. It therefore appeared possible that 
the salts of acid esters of racemic acids and optically active alcohols 
might lend themselves to purposes of resolution, and a series of 
experiments has been made in this direction. As acid, tartaric acid 
was selected both on account of its inherent stereochemical interest 
and ready availability. The choice of alcohol is much more 
restricted, since there are but few of these substances which can 
be obtained readily in suitable quantity and in a condition of 
optical purity; 7-borneol and 7-menthol naturally suggested them- 
selves, and preference was accorded to the former, since it was 
considered that it would be more likely to yield well-crystallised 
esters, the behaviour of which could be studied in a variety of 
solvents. 

The bulk of the requisite 7-hornyl hydrogen (77-tartrate was pre- 
pared by mixing equal weights of the corresponding diastereoiso- 
merides, which are conveniently prepared by the semi-hydrolysis of 
the appropriate normal esters, and are beautifully crystalline sub- 
stances; under the conditions described in the experimental section, 
racemisation by alkali does not occur to any appreciable extent, since 
the acid esters obtained hv hydrolysis are identical in all respects 
with those isolated as by-products in the esterification of the active 
acids with 7-borneol. 

The results of the investigation are somewhat unexpected, since 
it is found that 7-bornvl hvdrogen (77-tartrate is itself resolvable by 
crystallisation from every solvent which has been examined. The 
process has been carried to completion from chloroform, and potass- 
ium hydrogen (7- and 7-tartrates have been isolated in the pure 
state, whilst fission has also been shown to occur when water, 
benzene, toluene, or carbon tetrachloride is employed ; in every case, 
7-bornyl hydrogen (7-tartrate separates first. The sodium and barium 
salts, on the other hand, do not appear to be well adapted for reso- 
lution, although distinct evidence of the separation of the diastereo- 
isomerides from aqueous solution has been obtained in each case. - 
is noticeable that, the salts of 7-bornyl hydrogen 7-tartrate appear to 
he the more sparingly soluble, but the differences in solubility arc 
less marked than in the case of the acid esters themselves. 
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Experimental. 

Preparation of Di-Ybornyl d-Tartrate and of 1 -Bornyl Hydrogen 
d -Tartrate. 

An intimate mixture of finely-powdered d-tartaric acid (70 grams) 
and /-borneol (200 grams) was heated in an intermittent current of 
dry hydrogen chloride during sixteen hours at 120°; the product 
was dissolved in ether, and the ethereal solution washed with 
aqueous sodium carbonate (solution A). After removal of the sol- 
vent, the residue was distilled with steam to remove excess of 
/-borneol, and the crude ester was purified by crystallisation from 
rectified spirit until the specific rotation of successive crops remained 
constant. The yield of ester after one crystallisation was 140 grams. 

Dirl-bomyl d-tartrate separates from slightly aqueous alcohol in 
small, colourless needles. It is freely soluble in cold ether, chloro- 
form, acetone, toluene, carbon tetrachloride, or carbon disulphide, 
but less readily so in cold alcohol or light petroleum. It melts at 
1325 — 133*5° : 

0*1598 gave 0*3993 C0 2 and 0*1318 H 2 0. (3 = 68*1 ; H=9*2. 

C^HggOg requires C = 68*2; H = 9*l per cent. 

The following observations of the specific rotation were made : 

In chloroform solution : 

1 = 2, c = 2*0275, a)f -0-21°, [a]if -5*17°. 

In acetone solution : 

1-2, c = 2*275, all -0-26°, [a]',} ~5*71 y . 

In benzene solution : 

1=2, c = 2*1605, ag +015°, [a]g +3-46°. 

The aqueous-alkaline solution A (see above) was acidified and 
extracted with ether, whereby a small quantity of /-bornyl hydrogen 
d-tartrate was isolated, which, after being crystallised from toluene, 
melted at 158° and had [a]g —6*05° in ethyl-alcoholic solution; it 
was thus identical with the main bulk of the acid ester, which was 
piepared in the following manner. Di-/-bornyl d-tartrate (130 
grams) was dissolved in a hot mixture of alcohol (250 c.c.) and water 
(130 c.c.), and a hot solution of the theoretical quantity of aqueous- 
alcoholic potassium hydroxide (T856.Y, 167 c.c.) was rapidly added; 
the temperature of the mixture rose spontaneously to the boiling 
point, at which it was maintained for a few minutes, when hydro- 
lysis was complete. The neutral solution was evaporated to remove 
alcohol, water was added, and the liberated borneol was separated 
by means of ether. The aqueous solution was acidified with hydro- 
chloric acid and extracted with ether, whereby 5o grams of nearly 
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pure acid ester were isolated; the substance was crystallised from 
chloroform until successive crystallisations caused no change in the 
specific rotation of the product. 

I -Bornyl hydrogen d -tartrute separates from boiling chloroform or 
toluene in shining leaflets. It is freely soluble in cold ethyl alcohol, 
acetone, or ether, moderately so in hot water, toluene, or chloro- 
form, and very sparingly so in carbon disulphide, carbon tetra- 
chloride, or light petroleum. It melts at 158 — 158-5°: 

0 1600 gave 0 3451 C0 2 and 01122 1L>0. C=58'8; H = 7'8. 

requires C=58'7 ; H=7'8 per cent. 

The specific rotation was observed in ethyl alcohol and in acetone. 

In ethyl-alcoholic solution : 

1=2, c = 2‘1805, <’ - 0-19°, [o]if* - 5-7°. 

1=2, c = 7-575, «'; -0-99°, [a]g -6-5°. 

In acetone solution: 

1=2, c = 2-3795, «» -0-06°, [«]!) -1-26°. 

Aqueous solutions of i-bornyl hydrogeu rf-tartrate are somewhat 
surprisingly sensitive to the presence of slight local excesses of alkali 
hydroxides; the alkali salts are therefore most conveniently prepared 
by gently warming aqueous solutions of calculated amounts of the 
acid ester and of the requisite alkali hydrogen carbonate. 

Potassium 1 -bornyl d -tartrate separates from water, in which it is 
rather freely soluble, in aggregates of silky needles : 

0 9980 * lost 0 1055 at 105°. H 2 O = 10-56. 

C 14 II 2 i0 6 K,2H 2 0 requires 11,0 = 10 0 per cent. 

0- 2408 f gave 0 0630 Kj,S0 4 . K=11'74. 

CyHjjOjK requires K=12'05 per cent. 

Sodium 1 -bornyl d -tartrate is less readily soluble in water than the 
corresponding potassium salt: 

1- 0024 * lost 0-0960 at 105°. H 2 0 = 9’57. 

C 14 H 21 0 6 Na,2II 2 0 requires H,0 = 9'56 per cent. 

0 4873 f gave 01100 Na;>S0 4 . Na = 7'3. 

C 14 H 21 0 6 Na requires Na=7'5 per cent. 


Preparation of DiA-lornyl \-Tartrate and of 1 -Bornyl Hydrogen 
1 -Tartrate. 

The requisite 1-tartaric acid was prepared by the resolution of 
r- tartaric acid by cinchonine in aqueous solution in accordance with 
the directions of Marckwald ( Ber ., 1896, 29 , 42); for the present 
purposes, the isolation of the free acid was unnecessary, and it was 

t Dried at 106 — 110°. 


* Air-dried. 
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found more advantageous to separate the sparingly soluble potass- 
ium hydrogen salt. This was converted into di-f-bornyl 1-tartrate 
by /-borneol in the presence of hydrogen chloride in the same manner 
as has been described for the corresponding d-ester. The crude 
normal ester was purified by crystallisation from alcohol and finally 
from light petroleum. 

Dv-l-bornyl 1-tartrate separates from light petroleum in large, ill- 
defined, hexagonal plates; it is freely soluble in the boiling, spar- 
ingly so in the cold, solvent. It dissolves readily in cold chloroform, 
benzene, toluene, or acetone, and moderately readily in cold ethyl 
alcohol. It is more readily soluble than its diastereoisomeride in all 
the solvents investigated. It melts at 118 — 118'5°: 

0 1544 gave 0'3860 C0 2 and 0-1272 H 2 0. C = 68'2; H = 9'2. 

CyH^Oj requires C = 68'2; H = 91 per cent. 

The specific rotation was observed in the following solvents ; 

In chloroform solution : 

1=2, c = 2-520, oj; -3-60°, [a]L’ -71-4°. 

In benzene solution : 

1 = 2, c = 2-416, elf -3-75°, [a] 1 ,!" -77-6’. 

Iu acetone solution : 

1=2, c = 2-0405, C : ’ -2-90°, [a]!! 5 -71-3°. 

The mean of the specific rotations of di-f-bornyl d-tartrate 
(-5T7 0 ) and di-7-bornyl f-tartrate (-71'4°) when dissolved in 
chloroform is - 38'3°, a value which is in good agreement with the 
figure (-38-5°) found by McKenzie and Wren (T., 1907, 91, 1221) 
by direct observation with di-/-bornyI r- tartrate. 

I-Borny! hydrogen f tartrate was isolated in small amount as a 
byproduct of the preparation of the normal ester; it melted at 
130 5 — 131° and had [a], 1 , — 52"2° (c = 2'6G08) in ethyl-alcoholic solu- 
tion. It was identical in all respects with the bulk of the hydrogen 
ester, which was prepared by the semi-hydrolysis of the normal 
ester in a manner similar to that described for the diastereo- 
isomeride. 

1 Bornyl hydrogen l-tartrate separates from benzene in shining 
leaflets; it dissolves readily in the boiling, sparingly in the cold, 
solvent. It is freely soluble in cold chloroform, alcohol, acetone, or 
not water, moderately so in boiling carbon disulphide or carbon 
tetrachloride, and sparingly so in boiling light petroleum (b. p. 
60—80°). In general, it is very noticeably more readily soluble iu 
all solvents than is its diastereoisomeride. It melts at 130'5 — 131° : 

0 1637 gave 0 3519 CO : and 01116 H„0. C=58’6; H = 7‘6. 

C 14 H !2 0 6 requires C = 58‘7 ; H = 7'S per cent. 
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The specific rotation was determined in ethyl-alcoholic solution : 

1=2, c=2‘985, a« -2-47°, [a]L s -51-7°. 

1 -Bornyl hydrogen dl -tartrate was prepared by dissolving equal 
weights of the diastereoisomerides in acetone and rapidly removing 
the solvent : 

0 1543 gave 0‘3316 CO« and 0T057 HgO. C = 58'6; H = 7‘7. 

requires C = 58'7; H = 7'8 per cent. , 

The specific rotation was observed in ethyl-alcoholic solution : 

1=2, c = 2'7792, < 2 -1-57°, [a]if -28-2°. 

The mean of the values observed for Z-bornyl hydrogen d-tartrate 
and /-bornyl hydrogen 1-tartrate under closely similar conditions is 
-28-7°. 

Resolution oj l-Bornyl Hydrogen dl -Tartrate by Crystallisation 
from Chloroform. 

Equal weights of 1-bornyl hydrogen ^tartrate and 1-bornyl hydro- 
gen 1-tartrate (20 grams of each) were mixed arid dissolved in boil- 
ing chloroform (150 c.c.); on cooling the solution, crystallisation 
occurred after some time. The mixture was allowed to remain at 
the ordinary temperature for about eight hours, after which it was 
filtered. The crystalline crop weighed 9-6 grams and had [a] D -9'8° 
in ethyl-alcoholic solution. It was again crystallised from the same 
solvent (90 c.c.), whereby 5 grams of material were obtained which 
melted at 157 — 158'5° and had [o]r-7'2° in alcoholic solution. A 
further crystallisation yielded pure /-bornyl hydrogen d-tartrate, 
which was identified by analysis (Found, C = 58'8; H = 7 7. Calc., 
C = 58'7; H = 7'8 per cent.), by melting point, 157 5 — 158°, both 
alone and when mixed with an approximately equal amount oi 
synthetic /-bornyl hydrogen d-tartrate and by determination of the 
specific rotation in ethvl-alcoholic solution : 

1 = 2, c = 2'392, alP— 0-32°, [a]|! s -6-6°. 

Elimination of the /-bornyl group was readily effected by the 
action of a slight excess of aqueous potassium hydroxide solution 
(0'931-V) on the aqueous suspension of the ester. On addition of 
alkali, the odour of borneol became immediately very apparent. 
After remaining for about two hours at the ordinary temperature 
the mixture was gradually heated on the water-bath. The precipi 
tated borneol was removed by filtration, and the filtrate ww 
extracted with ether to complete the elimination of the borneo 
The aqueous solution was then treated with standard hvdroc one 
acid in the quantity necessary for the formation of potassium 
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iydrogen tartrate, when the latter salt immediately separated; it 
was purified by crystallisation from water and dried in a vacuum 
over calcium chloride (02038 neutralised 10 95 c.c. X/ 10-potassium 
hydroxide solution. Calc., 10'83 c.c. O' 1681 gave 0'0775 K„S0 4 . 
K-20'7. Calc., K = 20‘8 per cent.). 

As the sparing solubility of potassium hydrogen tartrate iu water 
does not render it a suitable substance for polarimetric analysis it 
was dissolved in the quantity of aqueous -V -potassium hydroxide 
necessary to form the normal salt and the solution was diluted to 
the mark with water. 

3'1 13 Grams of potassium hydrogen tartrate, dissolved iu potass- 
ium hydroxide and the solution made up to 25 c.c. with water, had 
ay -t- 8‘48° in a 2*dcm. tube, when [ajj, 1 +28*3°. (The concentration 
of the solution expressed in terms of the normal tartrate is 14'972 
giams per 100 cc.). This value agrees well with the data recorded 
in the literature for normal potassium (/-tartrate; thus, Schiitt 
(Her., 1888, 21, 2586) gives [o)g> +28-61° for c = 19 23 and 
[a]”+28'01° for c = 9'62, whilst Thomsen ( J . pr. Ckem., 1886, 
[iij, 34, 89) found [a](J + 2902° for c = 20'38 and + 28'34° for 
c = 9'62. 

The filtrate obtained from the first crystallisation of the /-bornyl 
hydrogen (//-tartrate (see above) was allowed to evaporate spontane- 
ously, whereby 29'3 grams of material were obtained which had 
[a] D - 33'7° in ethyl-alcoholic solution. It was crystallised from 
boiling chloroform (50 c.c.), when the crop which separated (9 grams) 
had [a] D -12’17°, whilst the product obtained by evaporation of 
the filtrate weighed 20 grams and had [a| D -40 0° in alcohol. The 
latter was decomposed with aqueous potassium hydroxide solution 
and the potassium salts were converted into the mixture of r- and 
/-tartaric acids. The bulk of the former was removed by cautious 
crystallisation of the mixed acids from a small quantity of water. 
The acids contained in the filtrate were transformed into their 
potassium hydrogen salts, which were subsequently crystallised from 
water, ultimately 7 yielding a small amount of potassium hydrogen 
/•tartrate in a state of purity (Found, K = 20-7. Calc., K = 20'8 
per cent.). 

0 6315 Gram dissolved in the requisite quantity of T- potassium 
hydroxide solution and diluted to 25 c.c. with water had a n — 1*65° 
at 16° in a 2-dcm. tube, whence [a]J, h —27*2°. (The concentration 
Of the solution expressed as normal tartrate is 3'036 grains per 
WO c.c.). By extrapolation from Scluitt's data (loe. r//.) the pure 
anhydrous potassium /-tartrate has |a]f“ -27'4° at this concentra- 
tion. 


vql. exvii. 


I 
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Experiments on the Resolution of \-Bornyl Hydrogen dl Tartrate 
from Solvents other than Chloroform. 

From Carbon Tetrachloride. — Equal weights pf the diastereoiso- 
merides (0'8727 gram in each case) were mixed and dissolved in 
boiling carbon tetrachloride (520 c.c.). The solution was allowed to 
cool to the ordinary temperature; the crystals which separated had 
fa] D _26'5°, whilst the material left on evaporation of the mother 
liquor had [a] D _ 34'2° in ethyl-alcoholic solution. 

From Water. — The mixed esters (1'7524 grams) were dissolved in 
hot water (30 c.c.) ; nothing separated from the cold solution, which 
was therefore seeded with a minute quantity of the if-ester, when a 
small crop slowly formed. The specific rotations of the crystals and 
of the portion which remained in solution were — 6’9° and -311° 
respectively. 

From Benzene. — 1 9226 Grams of the mixed esters were dissolved 
in boiling benzene (40 c.c.) ; the cold solution deposited T6 grams 
of substance, which was further crystallised from 80 c.c. of the 
solvent. 1'05 Grams of material, having [o] D -19'9° in alcohol, 
were obtained, whilst the residues left on evaporation of the succes- 
sive filtrates had [a] D — 34 9° aud - 36'5° respectively. 

From Toluene.— The solution of the mixed esters (1*8214 grams) 
in hot toluene (30 c.c.) deposited i'57 grams of material, which was 
recrystallised from 100 c.c. of the solvent. The second crop had 
[a] u - 25'0° in ethyl-alcoholic solution, whilst the material obtained 
from the united mother liquors had [o] D -35’5°. 


Resolution of 1 -Bornyl Hydrogen dl -Tartrate by Crystallisation 
of its Salts. 

Sodium Salt,-Vmi Grams of the di e ster were suspended in 
warm water (24 c.c.) and treated with sodium hydrogen carbonate 
in slight excess; a clear solution was readily obtained, from which 
crystals separated on cooling. The separated salt and that con 
tained in the filtrate were converted into the hydrogen esters and 
polarimetrically examined in ethyl-alcoholic solution, when the 
values — 29'4° and -28'0° respectively were observed for the specific 
rotations. 

Barium Salt.— Equal weights of the diastereoisomerides (O Jod 
gram in each case) were dissolved in water, and the solution "as 
neutralised by the cautious addition of dilute aqueous barium hydr- 
oxide. The dense precipitate was dissolved in hot water (2 litres 
and the solution was allowed to cool, when a crystalline crop g ra 
ally separated. The specific rotations of the hydrogen esters 
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obtained from the crop and filtrate were -29-3° and — 26 8 c 
respectively. 

In the experiments which have just been described, the requisite 
, // ester was obtained by mixing equal weights of the d- and /-esters 
Preliminary experiments indicated, as was to be expected, that 
resolution can equally be effected starting from r-tartaric acid. 
Thus, in one case, the latter acid was completely esterified with 
/-borneol and the Z-bornyl r-tartrate was treated with half the 
quantity of potassium hydroxide necessary for complete hydrolysis; 
the crude Z-bornyl hydrogen rfZ-tartrate obtained in this way was 
repeatedly crystallised from benzene, when the specific rotations of 
the second, third, and fourth crops were -27 0°, -23’3° and 
-21 1° respectively. It is hoped to give a more complete account 
of this aspect of the ease when the behaviour of the esters of racemic 
dibasic acids and optically active alcohols on subjection to partial 
hydrolysis has been more fully investigated. 

The authors desire to express their thanks to the Research Fund 
Committee of the Royal Society for a grant which has defrayed 
part of the cost of the investigation. 

Pore and Applied Chemistry Department, 
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Belfast. [Received, January tith, 1920.] 


XXV. The. Constitution of the Discicchuvides. 
Part IV. The Structure, of the Fructose Residue in 
Sucrose. 

By Walter Norman Haworth. 

A new constitutional formula for sucrose (I) was proposed in a 
former communication in this series, where it was shown that tile 

CHj-OH 

r ClI 0 c- —a 

^in-011 CH-OH y 

I CH-OII CH-OH j 

Cil Cll ; 

CH-OH CH.-OH 

I’ll, -OH 

(H.) 

Fischer’s formula for sucrose. 
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fructose residue contained in sucrose could not possess the structure 
generally assigned to it (Ilaworth and Law, T., 191G, 109 , 1314). 

The data on which this conclusion was based may be summarised 
as follows : (1) On hydrolysis with dilute acids, octamethyl sucrose 
does not show the phenomenon of "inversion," as does sucrose 
whereas, in conformity with the usual experience, the cleavage of 
the methylated disaccharide ought to give rise to a molecular mix- 
ture of tetramethyl glucose and tetramethyl fructose which would 
be predominantly lsevorotatory. 

(2) This unexpected result was traceable to the fructose residue 
which, differing in structure from ordinary fructose, displayed a 
pronounced dextrorotation. 

(3) The crystalline tetramethyl fructose (IV), isolated by Purdie 
and Paul (T., 1907, 91 , 296) during their study of the methylation 
of methyl fructoside, showed a specific rotation of [a] D - 121° in 
aqueous solution, whilst the corresponding product derived from 
the hydrolysis of octamethyl sucrose by Haworth and Law (Joe. cit.) 
was a liquid which distilled easily, but did not. crystallise on nuclea- 
tion with a specimen of Purdie and Paul’s compound. Moreover, 
the new form of tetramethyl fructose was unstaole towards perman- 
ganate and behaved uniformly as a sugar derivative of the y- or 
supposed ethylene-oxide type. 

Opportunity has again been taken to isolate this new form of 
tetramethyl fructose and to submit it to further constitutional 
study. The isolation of this compound in a slate of purity from the 
products of hydrolysis of octamethyl sucrose was attended with 
much experimental difficulty. This was due to its occurrence along 
with the isomeric tetramethyl glucose, since the latter distils at 
approximately the same temperature as the methylated fructose 
fragment. 

In the present series of experiments it has been found that the 
difficulty formerly experienced in separating the cleavage products 
vanishes if heptarnetliyl sucrose is substituted for the completely 
methylated biose in a parallel experiment. The advantage conferred 
by the use of heptamethyl sucrose is attributable to the nature of 
its scission products, which distil at temperatures sufficiently remote 
from each other to admit of easy separation by fractional distilla- 
tion. The partly methylated biose was obtained by methylating 
sucrose in alkaline solution with methyl sulphate (Haworth, T., 
1915, 107 , 12), and this has been shown to be a pure chemical 
individual, in which the fructose constituent is fully methylated, 
but only three methyl groups are present in the glucose component. 

When heptamethyl sucrose was hydrolysed with 0'4 per cent, 
hydrochloric acid at 60° for six and a-half hours the specific rotation 
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diminished from [a] n +61'3° to +52°, and at tile latter value 
remained constant. The products of this change consisted of a 
molecular mixture of a trimethyl and a tetramethyl hexose, which 
was easily separable by distillation at the Gacde pump. The first 
fraction distilled as a colourless, mobile liquid at HO — 112°/ 
0’35 mm., having n D 1'4545, and gave analytical results correspond- 
ing with a tetramethyl hexose. A second fraction was collected as a 
viscid syrup, boiling at 170°/0'43 mm., showing «„ ] 4 755, and 
analysis proved it to he a trimethyl hexose. The amounts of both 
fractions were approximately equal. 

Clearly it was of importance to decide which of these individual 
fractions represented the glucose or fructose residue in the original 
sucrose. This point- was established by submitting the trimethyl 
hexose to further methylation, when it was converted into a crystal- 
line substance melting at 83°, showing [a],, + 81°, and identical with 
tetramethyl glucose (compare Haworth and Law. tor. fit., p. 1324), 
a result which afforded ample proof that, the trimethyl hexose was a 
glucose derivative. Consequently, it follows that the tetramethyl 
hexose having the lower boiling point represented the fructose 
residue in sucrose. 

Attention has been focussed in the course of the present investi- 
gation on this specimen of tetramethyl fructose. In the previous 
communication on this subject (loc. cit.) an approximation only 
could be made as to the probable specific rotation of this compound 
in aqueous solution, and the value was tentatively given as 
[o] n +29’3°. The correct value, determined experimentally for the 
first time, differs only slightly from this anticipated result, and is 
now recorded as [a|„ -j-31'7 0 . The substance is very unstable 
towards permanganate, and conforms to the new type of hexoses 
which have been provisionally named ethylene-oxide sugars. -Fur- 
ther, the constitution previously assigned to the new variety of 
tetramethyl fructose (III) has been subjected to close experimental 
scrutiny : 

CH 2 - OMe CH,-OMe 

/C-OH r C'OH 

(X • 

'CH Um-OMc 

CH-OMo I CH'OMe 

CK-OMc “CH 

Hj-Olle CHj-OMe 

(HI). (IV.) 

Tetramethyl fructose Tetramotlnl fructose 

(ethylene-oxiilie). (tiutyleno-oxidic). 

In allocating this structural formula (III) to the fructose residue 
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iii sucrose the only basis on which one could proceed was the valu- 
able group of facts recorded by Irvine, Fife, and Hogg during their 
investigation of the new variety of tetramethyl glucose (V), 
described as a y-sugar (T., 1915, 107, 524). These authors showed 
that a derivative of y-glucose examined by them showed a remark- 
able capacity to increase its oxygen content to the extent of one 
atomic proportion during inethylation with silver oxide and methyl 
iodide. Surprising though this behaviour may be, it finds a parallel 
in the oxidation of glucose with phenylhydrazine which gives rise 
to the glucosazone. It is established that in the latter case the 
oxidation change effects removal of the hydrogen atoms attached 
to the second carbon atom from the reducing end of the hexose 
chain. The analogy which has been drawn between the two reac- 
tions leads to the suggestion that in both cases oxidation is confined 
to the groups associated with the carbon atom which adjoins tile 
reducing group : 


cb:n-nhpii 

CH-OH 

CIHN-NIIPh 

CO 

/CH-OMc 

°<cn 

/CH-OMe 

<C.OH 

CH-OH 

CH-OH 

CH-OH 

CH-OH 

CH-OH ~ > ' 

CH-OH 

CH-OH 

' CH-OH 

CH-OH 

OII-OH 

CH-OH 

CH-OH 

CHj-OH 

Glucosephenyl- 

hydrazone 

(Fischer). 

OH a -OH 

CH./OH 
Methyl glucoside 
(ethylene-oxidic). 

err, -oh 

Hydroxy. 

methyl 

glucoside, 


The above formulas are given in this simple form for the sake of 
clearness; it will be recognised that the two products of oxidation 
indicate only intermediate stages of the reactions which have been 
studied. The main point is, that if the analogy be admitted, the 
ethylene-oxide form of methyl glucoside is the only one that can 
hold for the new type of sugar derivative. 

In order to furnish a proof of this structural arrangement, Irvine. 
Fife, and Hogg (toe. cit.) submitted a derivative of the new type 
of y-sugar, namely, tetramethyl y-glucose (V), to (a) reduction, 


/CH-on 

ch 2 -oh 

x ch 

CH-OH 

CH-OMe 

CH-OMe 

CH-OMe 

CH-OMe 

CH-OMe 

CH-OMe 

CH„-OM(; 

CH 2 'OMe 

(V.) 

(VI.) 
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(li) oxidation. The product of reduction was a tetramethyl sorbitol 
(VI), which showed optical exaltation in the presence of boric acid, 
and thus, in the light of Boeseken’s recent work ( Ber ., 1913, 46 , 
2612), the compound contained two hydroxyl groups attached to 
neighbouring carbon atoms, a result which affords strong support 
to the ethylene-oxide formula of the sugar. 

On the other hand, oxidation of the sugar (V) with perman- 
ganate gave rise to a unimolecular lactone, the formation of which 
would appear to be precluded if the ethylene-oxide structure were 
adopted as above. Whilst,, therefore, this mode of representation 
was provisionally proposed for the new or y sugars, it was recognised 
that other interpretations were possible 

Consequently, in the special case under review, namely, that of 
the fructose residue isolated from heptamethyl sucrose, it was con- 
sidered of first importance to provide some additional experimental 
basis oil which the structure assigned to this compound could rest. 
Apart from the butylene-oxide form of tetramethyl fructose (IV) 
which has been definitely characterised, there would appear to be 
no fewer £han four possible formulae by which the tetramethyl 
fructose isolated in the course of the present investigation may be 
represented ; these are given as the following, and for the sake of 
comparison the oxidation products to which they may be expected 
to give rise are printed below in the vertical column : 
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The choice of oxidising agent, namely, dilute nitric acid, was 
determined by the fact that oxidation of a sugar of the formula 
(IX), if effected with bromine water, would leave a primary alcohol 
group exposed, whilst nitric acid would oxidise both the reducing 
and primary alcohol groups. On submitting the specimen of tetra- 
methyl fructose to oxidation with nitric acid at 60°, a viscid liquid 
was formed which distilled at 190 — 200°/ 1'8 mm., and analysis gave 
C = 48/17; H = 7*43; OMe=43'4. Such a result is not in agreement 
with any of the figures quoted above, although it approximates 
closely to those required for dehydration of two molecular propor- 
tions of CaH^Ofl, namely, C^H^On, which requires C =48 24 ; 
II = 7'54; OMe=46'7 per cent. A determination of molecular 
weight by the cryoscopic method gave 354; that required by the 
bimolecular anhydride is 398, whilst the unimolccular formula; 
require approximately half this value. 

Inspection of the formula (X) will indicate that this represents 
an a-hydroxy-acid, and may be referred to lactic acid as a type. It 
is well known that lactic acid undergoes conversion into an anhy- 
dride or semi-lactide, either by heating at 130 — 140°, or spontane- 
ously at the ordinary temperature in a dry atmosphere. The formula 
(XII) admits of the possibility of the formation of a unimolecular 
j8-lactone, since Nef has shown that mannono-/8-lactone is easily 
formed, but passes into aqueous solution as regenerated mannonie 
acid (Annalen, 1914, 403 , 204). Nef also mentions the existence 
of bimolecular a-lactones, by which is meant substances analogous to 
the semi-lactide from lactic acid, which has already been quoted. 
On the other hand, formula* (XI) and (XI1T) do not admit of the 
possibility of dehydration except by the ordinary process of 
preparing acid anhydrides. 

It was ascertained by analysis that, in the particular experiment 
under review, when the product derived from the oxidation of the 
tetramethyl fructose was isolated from aqueous solution by evapora- 
tion of the solvent, anhydride formation had already occurred, and 
a consideration of all the possible formulae leads to the conclusion 
that this could only take place with an a-hydroxy-acid. It will be 
remembered that- the oxidation product was found to possess the 
formula Cj f; H 3)l O ]1 , and is thus bimolecular. Moreover, the com- 
pound was acid towards litmus, and when titrated with alkali it 
behaved as an acid until about half the total alkali required for 
'complete neutralisation had been added. From this point onward 
the substance exhibited all the properties of a lactone, absorption 
of additional alkali taking place with extreme slowness. The final 
result corresponded exactly with the requirements for a senn- 
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lactide (XIV) of the formula C^H^On, and full details will be 
found in the experimental part. 

From these considerations it will be clear that the oxidation 
product must have been formed from an acid of formula (X), which 
in turn can only represent a product of degradation of a tetra- 
liietliyl fructose having the formula (TIT) : 
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This result furnishes valuable evidence in support of the eonstitu 
dcnal formula (I) for sucrose, advanced in an earlier communication 
by Haworth and Law (this series, Part I), and the hydrolysis of 
octamethyl sucrose therein described may now be formulated : 
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A similar representation would apply to the hydrolytic cleavage 
of heptamethyl sucrose, except that in this case a butylene-oxide 
form of triinethyl glucose is obtained as the glucose constituent. 

An explanation of the observed facts that, when free sucrose is 
hydrolysed, glucose and ordinary kevorotatory fructose are found as 
the products, is given in Part I. of this series. It is there stated 
that although the ethylene-oxide form of fructose must first be 
produced, the hydrolysis is accompanied by a supplementary struc- 
tural change involving the transformation of the fructose residue 
at the moment of cleavage into a butylene-oxide form. Such supple- 


I 
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mentary changes are inhibited if the hydroxyl groups in sucrose are 
protected by methyl groups. 

Although the additional evidence here contributed as to the struc- 
ture of sucrose appears capable of no simple explanation other than 
that now offered, the constitution of the new form of tetramethyl 
fructose is being further investigated in view of the importance of 
the issues. 

Experimental. 

Hydrolysis of Heptamethyl Sucrose. 

Heptamethyl sucrose (28 grams), prepared by the method already 
described (Haworth, T., 1915, 107, 12), was dissolved in 450 c.c, 
of 0'4 per cent, aqueous hydrochloric acid and the mixture heated 
in a water-bath maintained at 60°. Polarimetric readings were 
taken from time to time, and hydrolysis was complete in six and 
a-half hours : 


Time. 

1. a v . 

Mn- 

5 minutes 

2-dcm. +8-0° 

1-64-3“ 

1 hour 

1-0 


hours 

0-46 


3 

0-7G 


6i 

(3-74 

+ 54-0 


At this stage the acid was neutralised with barium carbonate, aud 
the solution filtered and evaporated under diminished pressure in 
presence of a trace of barium carbonate. A syrupy residue 
remained, which was contaminated with barium salts. The product 
was dissolved in absolute alcohol, filtered to remove mineral matter, 
and the solvent distilled. A further treatment with ether served 
to remove the whole of the suspended salts. Thereafter the residue 
was submitted to fractional distillation at the Gaede pump. 

Nearly half the tCtal product distilled as a colourless, mobile 
liquid at 110— 120°/0'35 mm., whilst the remainder was collected 

at 154 170°/0'6 mm. On repeated refractionation of each portion 

two main fractions were obtained : 

1. . . . b. p. 110 — 112°/0-32 mm. « D 14545. 

2. . . . b. p. 168 — 170°/0'43 mm. n B 1'4755. 

The latter substance was a viscid syrup, which failed to give an 
osazone on treatment with phenylhydrazine. On analysis it was 
shown to he a trimethyl hexose : 

0 1206 gave 0’2149 CO, and 0'0888 H.,0. C^48'G0; U = 8'19. 

01284 gave, by Zeisel s method, 0 3988 Agl. OMe — 41 0. 

C c H 9 0 3 (0hie)3 requires C = 48'65; H = 8T1 ; OMe-41'9 per cent. 

This trimethvl hexose was submitted to further methylation by 
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methyl iodide and silver oxida The product was thereafter hydro- 
lysed with 8 per cent, hydrochloric acid at 100° for three hours in 
order to remove the glucosidic group and obtain the tetramethyl 
hexose. The latter was isolated in the usual way, aud was found to 
consist of a liquid which quickly crystallised. Recrystallisation of 
the solid from light petroleum yielded characteristic prismatic 
needles, which were easily identified as tetramethyl glucose, melting 
at 83°, and showing no depression in melting point when mixed with 
a specimen of this sugar isolated on a previous occasion (T., 1916, 
109, 1324). The specific rotation was [a] D +84° in equilibrium in 
water. 

Since tetramethyl glucose of the butylene-oxide form was isolated 
as the result of this experiment, there could be no doubt that the 
trimethyl hexose distilling at the higher temperature in fraction (2) 
was a trimethyl glucose of the normal type. This showed 
jaJ D y 55'7° in methyl alcohol and +5C'0° iu aqueous solution, and 
its further study will form the subject of a future communication. 


.4 Xew Form of Tetramethyl Fructose (III). 

The first fraction distilling at 110 1 12 t> /0 , 32 mm. was also found 

to boil at 154°/13 mm. It decolorised permanganate readily, and 
behaved generally as a y-sugar. The following analytical results 
were obtained : 

0-2220 gave 0 4141 CO, and 00700 II., O. C = 50-87; H=Sol. 

0-1420 „ 0-5430 Agl. OMe = 50 3." 

C li H s O,(OMe) 1 requires C = 50’8o ; H = 8’47 ; OMe=52'5 per cent. 

The specific rotation of the sugar was determined. 

Solvent. [a]„. 

Water (final reading) 

Methyl alcohol -i-2TH 0 • 

When the aqueous solution was catalysed with a trace of hydro- 
chloric acid, the specific rotation increased to -j-32‘6°. 

Oxidation with Nitric Arid. — The tetramethyl fructose (4*75 
grains) was oxidised by heating with dilute nitric acid (I) T2) at 
60° for five hours. The water and most of the nitric acid were 
removed by vacuum distillation at low temperature, and the residue 
ms treated successively with absolute alcohol and ether, followed 
W distillation of the solvent and continued heating in the vacuum 
ol the Gaede pump until the whole of the nitric acid wa3 removed. 

Iu a preliminary attempt to purify the residual syrup it was 
dissolved in ether and shaken in a separating funnel with small 
quantities of water. There remained in the ethereal layer about 
one-fifth of the original amount of the syrup, and after drying and 

l* 1 
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removal of solvent this small residue was dried in a stream of air 
in a vacuum, when it gave the following analytical results: 

01550 gave O’ 2754 CO, and 0107G 11,0. C =48*45 ; 11 = 771. 

CicHajOji requires C = 48'24; H = 7'54 per cent. 

The portion remaining in the aqueous layer was now extracted 
with much ether and the solvent removed by distillation. The 
residue was dried by heating at 100° in the vacuum of the Gaede 
puinp, and at this stage a sample was removed for analysis: 

01803 gave 0 3154 CO, and 0-1233 H„0. C=47-71; H = 7'59. 

The syrup was then distilled, when it was observed that very 
little decomposition occurred. A small first fraction was collected 
as an amber-coloured syrup distilling at 185 1 90°/ 1 8 mm., and a 

large second fraction was obtained, boiling at 190— 200°/T8 mm. 
and having »„= 1 4575. The first fraction was analysed as fellows. 

0-1236 gave 0-2210 CO, and 0-0829 H,0. C = 48-76; H-7'45. 

The second fraction gave Llie figures : 

0-1042 gave 01841 CO, and 0-0697 H,0. C = 4817 ; H = 713. 

0-1092 „ 0-3590 Ag’l. OMe=43'4. 

C, 0 H, 2 Oj(OMe) 0 requires 0 = 48 24; 11 = 7-54; OMe = 46'7 per cent. 

This corresponds with an anhydro-acid (XIV) or seroi-lactide, 
CicHaAi- The substance appeared to be hygroscopic, and quickly 
absorbed water from a moist atmosphere. 

During the titration with .1’/ 10-sodium hydroxide the syrupy 
oxidation product behaved at first as an acid, and finally as a 
lactone. Phenolphthalein was used as indicator. 0-1192 Gram 
was dissolved iu water and titrated with J/10-sodium hydroxide. 
The alkali was rapidly absorbed until 2-9 c.c. had been added: 
thereafter additional alkali was absorbed with extreme slowness at 
the ordinary temperature. On adding in all 10 c.c. and heating 
under reflux for a quarter of an hour, the cooled solution was 
neutralised with X : 10-sulphuric acid and required 3 85 c.c. The 
total alkali which had combined with the compound was therefore 
6-15 c.c. The theoretical amount required for an anhydro-acid, 
C 10 H 3J O]i>'' s 5-98 c.c. 

A determination of molecular weight in benzene solution was 
carried out by the cryoscopic method, when the values found weie 
354-1 and 343 5. The anhydro-acid, C 10 II 3u O u , requires = 
398. 

United College of St. Salvator and St. Leonard, 

University ok St. Andrews. 

[llccriirrf, February '2utl, 1920.] 
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XXVI . — Phthaleins and Fluorans. 


By Maurice Copisarow. 


The object of this investigation was the study of the constitution 
ami conditions of formation of some members of the phthalein 
and Jluoran series. Whilst certain phenols, such as resorcinol ami 
pyrogallol, react with phthalic anhydride in the absence of any 
dehydrating agent, in most other cases some such agent is required 
lor the condensation to take place. These condensing agents, in con- 
junction with the experimental conditions, influence not only the 
yield, but also the character of the products. In most cases, the 
formation of phthaleins (III) is accompanied by the production of 
substances belonging to the o-ketonic acid (I) (Deichler and Weiz- 
inaiin, Ber ,, 1903, 36, 547 ; Copisarow and Weizmann, T., 1915, 
107, 878), hydroxyanthraquinone (II), and flucran (IV) series, 

It is probable that when aluminium chloride is employed as a 
condensing agent, the products just quoted arc accompanied 
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by small quantities of substances belonging to the phenyl- 
oxanthranol (V), tetraphenylmethane-o-carboxylic acid (VI), and 
diphenylan throne (VII) series (Copisarow, T., 1917, 111, 10). 

On replacing phthalic anhydride by phthalyl chloride, 
isophthaleins or phenolic esters of phthalic acid are formed 
(Baeyer, Bur., 1871, 4, 659; Meyer, Ber., 1891, 24, 1414; 1893, 
26 204; 1895, 28, 431; Pawlewski, Ber., 1895, 28, 108, 2360; 
Limprich’t, Anmlen, 1898, 303, 279 ; Csanyi, Ber., 1919 , 52, 1788), 
In the course of the present investigation, it was found that: 

(1) Hydrogen chloride, as a condensing agent, facilitates the 
formation of hydroxyanthraquinones and phthaleins. 

(2) Boric acid, as a condensing agent, assists the formation, not 
only of o-ketonic acids and hydroxyanthraquinones (Deichler and 
Weizmann, he. «f.), hut also that of phthaleins and fluorans. 

(3) Hydrogen chloride is most, efficient in the presence of zinc 
chloride, and horic acid in the presence of concentrated sulphuric 
acid. 

(4) The hydroxy-groups of the phthaleins are, as a rule, m the 
para-position, and'of the fluorans in the ortho-position, with respect 
to the central carbon atom linking the phthaloyl with the phenolic 
groups. This is proved by («) the fad. that phenolphthalein is not 
converted into fluoran on heating above its melting point or with 
concentrated sulphuric and boric acids; (M the non-formation of 
4 : 5 -dimethyl fluoran, p-cresolphthalein, and 0-naphtholphthalein : 
(c) the fact that boric acid exercises in the case of termolccular 
reactions (fluoran formation) the same orientating effect as in the 
case of bimolecular reactions (Bentlev, Gardner, and Weizmann, 
T 1907 91, 1626); this is substantiated, not onlv by the constitu- 
tion of the fluorans. but also bv the fact that the o-ketonic acids 
are an intermediate stage in the formation of fluorans from phthalic 
anhvdride. as in the case of phthalute (Pechmann, Tier., 1881, 14, 
1865 ; Copisarow and Weizmann, he. cit.). 

The apparently anomalous position of o naphtholphthalem. pie- 
pared hv the hydrolysis of di-l-ethoxynaphthvlphthalide, m whir. 
Copisarow and Weizmann (hr. cit.) assigned the hvdroxy-groii|>s 
to the ortho position with respect to the central carbon atom, on 
the vround that o-l-ethouvnaphthoylbenzoic acid can be regarded 
as an intermediate stage between phthalyl chloride and di-1 ■ -ethoxy 
naphthvlphthalide, and also owing to the transformation o 
a-naphtliolphthalein into o naphthalluoran, can now he easi . 


CX Grabotki (Ber., 1871, 4, 661), and Sorensen and Palitah 
(Biochem, ZeiUch., 1910, 24. 381), have indicated the P°® 
formation of two isomeric a-naphtholphthaleius, and consiu 
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that (a) Grabowski's a-naphtholphthalein cannot be converted into 
a-naphthafluoran, .thus differing from Copisarow and Weizmann’s 
o-a-naphtholphthalein, and (b) the a-naphtholphthalein isolated bv 
Csanyi (loc. cit.) is identical with that of Copisarow and Weizmann 
(a sample preserved from 1915 and recrystallised twice from alcohol 
melted at 234 — 235°), there is no room for doubt that the follow- 
ing constitutions must be assigned to the two existing a naphthol- 
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(5) Zinc chloride, as a condensing agent, is found to be superior 
to both concentrated sulphuric acid and stannic chloride, being 
more efficient than the former and more economical than the latter. 

It was found that the alkali salts of the phthaleins, like those of 
phenols, are oxidised on prolonged keeping, especially on exposure 
to light or a current of air, giving dark, complex substances. The 
alkaline earth salts (barium, calcium, etc.) are less readily oxidised. 


Experimental. 

Zinc Chloride. 

It was found that zinc chloride, prepared by evaporating to dry- 
ness a faintly acid solution of this salt, is a more efficient con- 
densing agent than finely powdered fused sticks of zinc chloride. 
This superior quality 13 to be attributed to the fineness of division 
and presence of small quantities of hydrogen chloride rather than 
to the possible hydration of the unfused zinc chloride (compare 
aluminium chloride, Biltz. Her., 1893. 26 . 1960; Mever, Bcr., 1896, 
29, 847), as the addition of small quantities of water to the fused 
nnc chloride not only does not add to, but actually diminishes, its 
efficiency. 
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Phenol ph t h al ein (III ) . 

Preparation by means of Concentrated Sulphuric Acid. The 
condensation of phthalic anhydride with phenol in the presence of 
concentrated sulphuric acid was effected under the conditions given 
by Baeyer (A nnalen, 1880, 202 , 69). It was found, however, that 
by employing an improved method of isolation and purification, the 
product contains about 5 per cent, of hydroxy anthraquinones. 
Baeyer’s method of purification, consisting in pouring the 
decolorised alcoholic solution of the product into water, is thus 
ineffective. A more satisfactory method was found to be as 
follows. 

The crude phenolphthalein, having been dissolved in aqueous 
sodium hydroxide and reprecipitated with hydrochloric acid, is dis- 
solved in five times its weight of 65 — 70 per cent, methyl alcohol. 
The alcoholic solution is decolorised by boiling with animal char- 
coal and concentrated until solid begins to separate. On cooling 
and filtering, the first crop of phenolphthalein (yellow to white j 
is obtained; a second crop of this product is isolated on concen- 
trating the filtrate. On further distillation, an orange-red, viscid 
oil separates, which, on keeping, solidifies to a brown, crystalline 
mass consisting of the two isomeric hydroxyanthraquinones and 
some phenolphthalein. The first two crops of phenolphthalein, 
when recrystallised from dilute alcohol, furnish snow-white crystals 
melting at 253°. This method of purification gives, not only 
phenolphthalein free from hydroxyanf hraquinones, but also appears 
to be less wasteful than that of Baeyer, as more than 90 per cent, 
of the solvent is recovered. The separation of the two isomeric 
hydroxyanthraquinones from one another was effected according to 
Baeyer and Caro's method (Her., 1874, 7 . 969). The phenol- 
phthalein accompanying the hydroxyanthraquinones is isolated by 
fractional crystallisation. The yield of pure phenolphthalein 
obtained by this method is 26 per cent., of that theoretically 
possible. The yield of fluoran (TV) (Baeyer. Annalen, 18S2. 212, 
347) does not exceed 0-5 per cent. 

Preparation by means of Concentrated Sulphuric and Hone 
Acids. — A mixture of 60 grams (1 mol.) of finely powdered phthalic 
anhydride, 80 grams (2 mols.) of phenol, 10 grams of concentrated 
sulphuric acid, and 8 grams of powdered boric acid was heated at 
125 130° for eight hours. The product was poured into water, 

the mixture boiled t-o expel phenol, filtered white hot, and the 
brown residue washed with hot water. The residue was extracted 
several times with a 3 per cent, solution of sodium hydroxide, the 
extract cooled, and acidified with hydrochloric acid. I he pre- 
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cipitate, which contained phenol phthalein and the hydroxyanthra- 
quinones, was purified as in the previous experiment. The residue, 
insoluble in sodium hydroxide, crystallised from alcohol in white, 
rhombic crystals melting at 173 — 175°, and consisted of fluoran. 
The yield of pure phenolphthalein was 31 per cent., that of fluoran 
8 per cent., and that of the hydroxyanthraquinones about 5 per 
cent, of the theoretical. No advantage was gained by employing 
boric anhydride instead of boric acid. The latter in the absence 
of concentrated sulphuric acid is ineffective as a condensing agent 
under the conditions employer! . 

Preparation, by means of Zinc Chloride.- - The conditions of con- 
densation were those described by Perkin and Kipping (" Organic 
Chemistry,” 1911, 654), the mixture being mechanically stirred. 
The method of purification of the products was identical with that 
already described. The yield of pure phenolphthalein was 47 per 
cent., and that of the two hydroxy anthraquinones 6 per cent., of 
the theoretical. The yield of fluoran was negligible. When 
powdered fused zinc chloride was employed, instead of zinc chloride 
prepared by the method described above, the yield of the products 
was lowered. 

Preparation by means of Hydrogen Chloride . — From analogy to 
the formation of esters, it. was considered possible that hydrogen 
chloride might serve as a condensing agent for the production of 
phthaleins. Investigation showed that- whilst hydrogen chloride 
by itself is not. sufficiently effective, taken in conjunction with zinc 
chloride, a marked improvement in the yield of phenolphthalein, 
and especially of the hydroxyanthraquinones, was observed. The 
following table shows the results of condensation by means of dry 
hydrogen chloride. 


Experi- 

Phthalic 

anhydride. 

Gram- 

Fhenol 

Gmm- 

Period of passing 
a current of 

. Period of hydrogen 

heating, chloride. 

Yield, 

per 


ment. 

mots. 

mols. 

in hours. 

in hours. 

cent. 

Colour. 

1 

1 

2 

60 

0 -o 

0-2 

greyish- 

2 

l 

o 

6-0 

6-0 

0-0 

brown 
dark brown 

3 

1 

1 

60 

fi-0 

0-8 


4 

1 

*2 

24 0 

21-0 

1-7 


These reactions 

were 

carried out 

at 120 125° 

, the 

method of 


isolation and purification of the products being the same as in the 
experiments already described. The ratio of phenolphthalein to 
the hydroxyanthraquinones was found to be approximately 1 to 1. 
No fluoran was found. When the temperature was raised to 170°, 
the proportion of the hydroxyanthraquinones and tarry matter 
was increased. The results indicate that (1) the yield of product 
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increases with the period of heating in a current of hydrogen 
chloride, and (2) the ratio of phenol to phthalic anhydride does 
not influence the yield. 

These observations show a distinct difference between phthaleins 
and esters as regards the mechanism of their formation. 

Preparation by means of Zinc Chloride and Hydrogen Chloride, 
\ current of dry hydrogen chloride was passed through a mix- 
ture of 60 grams of finely powdered phthalic anhydride, 70 grams 
of zinc chloride, and 80 grams of phenol at 120 125° for half an 
hour, the mixture being then heated for six hours at 120 120°, 

The product was poured into water, which was boiled to expel 
phenol. The mixture was then filtered hot, washed with hot water, 
and the yellowish-brown residue extracted several times with a 
warm 4—5 per cent, solution of sodium hydroxide. The deep red 
alkaline solution was cooled and acidified with hydrochloric acid, 
and the precipitate collected, pressed, ami dried. The quantity 
of material insoluble in alkali did not exceed 0 5 per cent. 1 he 
dried precipitate was purified by decolorising with animal char- 
coal and fractional crystallisation from 65 per cent, methyl alcohol, 
as described in previous experiments. On concentrating the filtrate 
after the isolation of two crops of phenolphthalein, a brownish-red. 
viscid oil separated, which solidified on keeping. This contained 
hydroxyanthraquinones and phenolphthalein, the latter being about 
33 per cent, of the total. The yield of pure phenolphthalein from 
the two crops was 52 per cent ., and that, of the hydroxyanthraquiii- 
ones 21 per cent-., the total yield of phenolphthalein being 59 per 
cent, of the theoretical; the 7 per cent, of phenolphthalein present 
in the oily residue was isolated only by a lengthy process of separ- 
ation from the two hydroxyanthraquinones and fractional crystal- 
lisation, as already described. This fraction of phenolphthalein 
may therefore be disregarded in calculating the efficiency of this 
method of preparation. In subsequent experiments, the employ- 
ment of hydrogen chloride was omitted. 

When pure phenolphthaleiu is heated (a) above its melting point 
or (b) with concentrated sulphuric and boric acids at 12o— 13. 
for eioht hours, no fluoran is formed. 

° OH OH 

o-Crcsolphthalein. \/ \/ 

\o/. O 

c'-HyOO 

Baeyer (,1 cruder, 1880, 202 . 153) describes the employment of 
concentrated sulphuric acid and stannic chloride in the condense 
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tion of phthalic anhydride with o-cresol, but no indication is given 
either of the by-products formed or of the efficiency of each con- 
densing agent. When phthalic anhydride was condensed with 
o-cresol in the presence of concentrated sulphuric acid under the 
conditions given by Baeyer, the yield was poor. A distinct 
improvement in yield, although this was still low, was achieved by 
using a mixture of concentrated sulphuric and boric acids. No 
4 : 5-dimethylfluoran could be detected. 

Preparation by means of Zinc Chloride . — Fifteen grams of 
phthalic anhydride and 25 grams of zinc chloride were finely 
powdered, 25 grams of o-cresol added, and the mixture was heated 
at 125° for eight hours. The product was worked up as in the 
previous experiments. On fractionally crystallising the crude pre- 
cipitate from dilute alcohol, 16 grams (46 per cent, of the 
theoretical yield) of o-cresol phthalein were obtained in yellowish- 
white crystals melting at 216°. The last crop, fractionated by 
crystallising from acetic acid, was found to consist of 1-hydroxy- 
2-methylanthraquinone, melting at 184 — 185° (Bentley, Gardner, 
and Weizmann, T.. 1907, 91, 1634), 3-hydroxy-2-methylanthra- 
quinone, melting at 262° (Baeyer, Annalen, 1880, 202, 165), and 
a small quantity of o-cresolphthalein. No 2-hydroxy-l-methyl- 
anthraquinone could be detected. The combined yield of the two 
anthraquinones was about 4 per cent, of the theoretical. 


Me! 


/ YY N i 


2 : 7-DintrlhyJffno^an, 


Me 


I ! o 

\/\/ 

CO 


The condensation of phthalic anhydride with p-cresol in the 
presence of zinc chloride was carried out in a manner similar to 
that employed in the case of o-cresol. The product, freed from 
p-cresol, phthalic acid, and zinc chloride, was extracted several 
times with dilute sodium hydroxide solution, and the dried residue 
decolorised with animal charcoal and crystallised from chloroform. 
It separated in yellowish-white crystals melting at 246°. and was 
identified as 2 : 7-dimethylfluoran (Baeyer, Annulm, 1882. 212, 
340). The brownish-red alkaline extract was acidified with hydro- 
chloric acid, and the precipitate crystallised from glacial acetic 
acid in brownish-yellow needles melting at 169 — 170°, which were 
identified as 4 -hydroxy-1 -methylanthraquinone (Birukoff, Ber., 
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1887, 20 , 2069). The yield of 2 : 7-dimethylfluoran was 26 per 
cent., and that of 4-hyrlroxy-l methylanthraquinone 2’5 per cent., 
of the theoretical. No trace of p-cresolplithalein could be detected. 


p-a- and o- a \'a ph thoJ pli t halt ins (VIII and IX) aiul a-ftaphtha- 

''l 


fivornn, 



Preparation h;f meant • of Zinc Chloride . — The condensation of 
phthalic anhydride with a-naphlhol in the presence of zinc chloride 
results in the formation of o- and p-a-naphtholphthaleins, 
a-naphthafluoran, and small quantities of a-hydroxynaphthacene- 
quinone. Five grams of phthalic anhydride, 10 grams of 
a naphthol, and 15 grams of zinc chloride were finely powdered, 
thoroughly mixed, and heated in a flask immersed in an oil-bath 
at 100° for three hours. The product was extracted several times 
with boiling water, and then with a dilute solution of sodium 
hydroxide. The insoluble residue separated from benzene in small, 
white crystals melting at 300°, and was identified as a-naphtha- 
fluoran (Grabowski, Ber.. 1871. 4 , 661; Meyer, Per., 1893, 26 , 
207 ; Deichler and Weizrnann, Per., 1903, 36 , 548). The deep 
bluish-green, alkaline extract was fractionally precipitated with 
hydrochloric acid and carbon dioxide according to Werner’s method 
(T., 1918, 113 . 20). The dried precipitate was extracted with 
benzene, from which, on keeping, brownish-yellow crystals melting 
at 209° separated. This substance was identified as p-a-naphthal- 
phthalein (Grabowski, Bcr., 1871, 4 , 725 ; 1873, 6 , 1065). It gives 
a deep blue c-oloration with alkalis, and is not converted into 
a-naphthafluoran on heating above its melting point or with con- 
centrated sulphuric and boric acids. On keeping the benzene 
mother liquors, a small quantity (about 1 per cent.) of a-hydroxy- 
naphthacenequiiione (Deichler and Weizrnann, lor. at . ; D.R -P. 
134985) was isolated in orange-red needles melting at 303°. The 
residue left after extracting the precipitate with benzene dissolved 
in ethyl alcohol, from which it separated in pinkish-yellow, pris- 
matic needles melting at 234 — 235°. This substance was identified 
as o-a-jiaphtholphthalein (Copisarow and Weizrnann, loc. cit.; 
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Csanyi, loc. cit.). It gives a deep green coloration (probably due 
to the loquinonoid structure) with alkalis, and is converted into 
aiiaphthafluoran on heating above its melting point or with con- 
centrated sulphuric and boric acids. In this condensation, the 
yield of crude a-naphtholphthalein (dried precipitate) was 45 per 
cent., whilst that of a-naphthafiuoran was 20 per cent., of the 
theoretical. The proportion of ji-a- to o-a-naphtholphthalein is 
about 4 to 1. When the period of heating was reduced from three 
hours to one, the yield of crude a-naphtholphthalein was increased 
to 50 per cent., and that of a-naphtliafluoran reduced to 17 3 per 
cent. The best yield was obtained by heating an intimate mixture 
of phthalic anhydride, a naphthol, and zinc chloride in a shallow 
basin in an air-oven at 100° for half an hour. The yield of 
a-naphtholphthalein reached 59'3 per cent., and that of a-naphtha- 
fiuoran 30 per cent., of the theoretical. Sorensen and Palitzsch 
(/or. cit.) obtained a 20’7 per cent, yield of a-naphtholphthalein by 
heating phthalyl chloride with a naphthol, whilst Werner (loc. cit.), 
carrying out the condensation of phthalic anhydride with 
a-naphthol in the presence of concentrated sulphuric add, found 
the yield to be 22'4 per cent, of the theoretical, the yield of 
aiiaphthafluoran being very small. 


/\/\/\/\/\ 

I I I I I I 


(S-Xaphtlmfluonm, 


I J 0 

CO 


A mixture of 14 8 "ram* of phthalic anhydride. 30 grams of 
zinc chloride, and 288 grams of j3-naphthol was heated for four 
hours at 100°. The product was extracted several times with 
boiling water and then with a hot dilute solution of sodium hydr- 
oxide. On acidifying the brownish-red. alkaline extract, a brown 
precipitate was obtained, which, owing to its minute quantity, could 
not be investigated. From analogy to other condensations, this 
precipitate was probably the corresponding quinone. The residue 
insoluble in, alkalis, after being crystallised from acetic acid, melted 
at 293°, and was identified as j3-naphthafiuoran (Meyer, Bcr 1891. 
24. 1414; 1893, 26, 206). The yield was 12-5 per cent, of the 
theoretical, as compared with 7 per cent, obtained by Meyer. 

The straight-lino configuration for /3-uaphthatluoran may bo 
accepted as the more probable one, for reasons similar to those 



218 ATKINS : CERTAIN BINARY AND TERNARY MIXTURES Of 

advanced in the case of phthaloyl- and diphthaloyl-carbazoles 
(Copisarow and XVeizmann, Inc. cit.). 

The formation by a-naphthol of phthaleins which give intensely 
coloured sensitive alkaline salts, and the failure of 0-naphthol to 
form a phthalein, may be used as a colour reaction for identifying 
small quantities of £z-naphthol in /J-naphthol. 

The author wishes to express his thanks to Messrs. G. Greenwood 
and J. J. Sampey for assistance with the cresol condensations. 

The cost of this research was partly covered by a grant from 
the Research Committee of the Chemical Society, for which the 
author desires to express his thanks. 

Chemical Department, 

The University, 

Manchester. \P.emwd, February 3rrf, 19W.] 


XXVII . — Certain Binary and Ternary Mixtures of 
Liquids having Constant Boiling Points. 

By William Ringkose Gelston Atkins. 

In the course of the distillation of commercial solvents for an 
industrial process, it was found necessary to study the possible 
mixtures of constant minimum boiling point afforded by the con- 
stituents. On examining the tables given by Young (" Fractional 
Distillation," pp. 07—69), and in subsequent literature, it was 
noticed that a number of combinations, which from their physical 
properties might be expected to furnish such mixtures, had not 
been investigated or had been examined only in a cursory maimer. 
This work was accordingly undertaken, and the following systems 
were studied. The boiling points of the binary mixtures are shown 
under AB , of the ternary under ABC. A blank denotes that no 
■mixture of constant boiling point is formed. Pressures are given 
in mm. of mercury, corrected to 0° under P. 

At this stage, however, a copy of Lecat’s exhaustive examination 
of such mixtures came into my hands, the Vork having been coin 
pleted and published in Brussels in April, 1918, during the German 
occupation (Maurice Lecat, 11 La Tension de Vapeur des Me angos 
de Liquides, L’Azeotropisme.” Bruxelles: H. Lamertin. pp- )- 
It was found that all the binary mixtures given m this 
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A. 

B. 

O. 

AB. 

ABC. 

P. 

Acetono. 

Carbon tetra- 

Water. 

55-9° 

— 

763 

chloride. 





Methyl ethyl ketone. Carbon tetra- 


73-8 

05-7° 

760 


chloride. 

tert. -Butyl alcohol. 


790 


762 

„ „ >» 

tsoPropyl alcohol. 


77'3 

— 

759 

„ »* » 

wPropyl alcohol. 


— 

— 


Methyl alcohol f 

Ethyl alcohol. 

Ethyl acetate, 

* 

— 

— 

Carbon disulphide. 

Water. 

371 

— 

751 

Carbon tetra- 

tert . -Butyl alcohol. 


71-0 

04-7 

708 


chloride. 

* Already known. 

+ The addition of a little metlivl alcohol to carbon tetrachloride will 
reveal the presence of carbon disulphide, present as an impurity, by the 
formation of the mixture boiling at 37- 1°. 


list hacl been studied, save rt-propyl alcohol and methyl ethyl 
ketone. For all these, Lecat gives boiling points in good agree- 
ment with the figures shown here, save in the case of the mixture 
methyl ethyl ketone and tert .-butyl alcohol. For this, Lecat 
records that the binary mixture boils constantly at 77'5°, whereas 
the figure here given is 79' 0°. This was obtained by adding to 
methyl ethyl ketone, boiling at 79*6°, 18 c.c. of the tertiary alcohol. 
Boiling began at 74 '8°, and became constant for four observations 
at 79'0 — 79*05° at fifty-eight to twenty-eight drops per minute. 

No attempt was made to analyse the binary mixtures of constant 
boiling point, since Lecat had done this. 

Of the ternary mixtures, the only one examined by Lecat, so 
far as could he ascertained, was that containing carbon tetra- 
chloride, tert . -butyl alcohol, and water, for which no details are 
given. This mixture and the corresponding one. with methyl ethyl 
kelone replacing alcohol, were therefore analysed. 

To weighed quantities of the two major components, small 
weighed quantities of water were added, and the mixtures distilled 
up to the middle point between the boiling point of the ternary 
and the binary mixtures of constant boiling point in each case. 
It was assumed that all the water had passed over below this 
temperature, hut this is not strictly accurate, as turbidity was still 
visible at the top of the distillation column near the side-tube. 
The quantity of carbon tetrachloride was then determined by 
measuring the volume it occupied after extraction of the distillate 
with water to remove the ketone and alcohol respectively. The 
latter were estimated by difference, but in the case of the ketone 
a direct estimation was also made by Messenger's method, adopting 
the usual precautions, and those advocated by Collischoim (J. Soc. 
Chem. Ind 1891, 10 . 166) for acetone. The constant used was 
that 1 c.c. of .V / 10-iodine solution is equivalent to 0*00114 gram 
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of methyl ethyl ketone. The following are the compositions of the 
ternary mixtures of constant boiling point: 

Per cent. Per cent. 


Carbon tetrachloride 85 0 74-8 

tert . -Butyl alcohol (by difference) 11-9 — 

Methyl ethyl ketone (by difference) — 22-2 

„ „ „ (Messinger) - 201* 

Water :H :i -0 


* It is probable that the extraction of the ketone from the chloride was 
not quite complete, although a large quantity of water was used. 

In every case, the distillations were conducted with an electric 
hot plate suitably screened with asbestos board. The thermometers 
had been corrected at the Keichsaustalt in 1913. An eight-section 
Young evaporator still-head was used throughout, for the loan of 
which, for the use of the chemicals, and for his advice, I am 
indebted to Prof. S. Young. I wish also to acknowledge my 
indebtedness to the Chemical Society for a grant for the- purchase 
of chemicals, and to Prof. H. H. Dixon for permission to carry out 
the work in the School of Botany. 

Trinity Coi.leof., [Iti reived, January 2Wi, 1920.] 

Dl’oi.m. 


XXVIII . — The Estimation of Nitrogen in Nitrocellulose 
and Inorganic Nitrates ivith the Nitrometer, 

By Ernest George Beckett. 

The estimation of nitrogen in inorganic and organic nitrates by 
means of the nitrometer is based on the reaction which occurs when 
a solution of the nitrate in concentrated sulphuric acid is shaken 
with mercury. This reaction may be represented by the following 
equation : 

3H. 2 S0 4 + 2IIN0 3 + Gllg = 3IIg 2 S0 4 + 2NO + 4HX) . 

The volume of nitric oxide evolved according to this equation 
is a measure of the quantity of nitrogen present as nitrate, and it 
is assumed for the purpose of calculation that the gas obtained is 
pure nitric oxide, and that all, and only the nitrogen present as 
nitrate or nitrite, has been converted into gas. 

It has been known for some time that these assumptions are not 
correct, and hence, if the method gives trustworthy results, it can 
only he by a compensation of errors. Several factors have been 
found to exercise considerable influence on the course of the reac- 
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tiou, and thus it is essential that the method should be standardised 
as far as possible. Thus Marqueyrol and Florentin (Bull. tine, 
ehim., 1911, [iv], 9, 234) Found that prolonged shaking causes a 
diminution of volume by reduction of the nitric oxide gas, and 
also a re-absorption of some of the nitrogen by the sulphuric acid. 
This cause of error becomes negligible if the shaking is not unduly 
prolonged and if the concentration of tho acid is not too high. 

This reaction also occurs if the nitrometer is allowed to stand 
after the evolution of gas has taken place, but in that, case the 
reaction is very slow. In an experiment with guncotton and 96-8 
per cent, acid, the original volume of 109 95 c.c. became 109 80 c.c. 
after standing for twenty-six and a-half hours. On the other 
hand, the time which elapses before the mixture of mercury, 
sulphuric acid, and nitrocellulose has been shaken, but after the 
two latter substances have been introduced into the nitrometer, 
was found to have a marked influence on the results. This fact 
was discovered in the analytical laboratory of Messrs. Nobel's 
pxplosives factory at Ardeer in 1914, when the war caused a large 
increase in the number of nitrocelluloses to be analysed, and thus 
rendered almost unavoidable a certain amount of delay in carry- 
ing out the analyses. 

Table I shows the influence of the time factor and of the con- 
centration of the acid on the results at this stage of the method. 

Table I. 

Determination of nitrogen in gunenflnn with various strengths 
of sulphuric arid anti the effect of allowing the nurture to 
stain I before being slml-rn. 

Interval between introducing the "uncotton and acid into 

Sulphuric tile nitrometer and shaking being 

acid. — , 

Percent. No time. J hour. J hour. 1 hour. 17-20 hours. 

99-87 1 2-0.3 - — 11-7(1 _ 

12-50 — 11-82 — 

96-80 12-04 — — 12-74 10-14 

12-045 — 12-68 10-28 

12-03 — — 10-71 

12-90 -- — — 

94-0 1 2-975 1 3-065 — 13-04 11-90 

92-5 1 2-73 1 3-04 1 3-035 13-015 1 2-69 

12-57 — - — 

Ike influence of the same factors cn the estimation of nitric acid 
is given in table IT. The results given in this table with 93 3 per 
cent, acid were obtained with pure sodium nitrate, and those with 



Percent-age oj nitrogen in guficotton calculated 
from volume of crude gas. 
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the more concentrated acid with a mixture of nitric and sulphuric 
acids. 

Table II. 

Determination of nitrogen in mine, acid with various strengths 
of sulphuric acid and the effect of allowing the mixture to 
stand in the nitrometer before being shaken . 


Interval between introducing the mixture 


Sulphuric 

into the nitrometer and shaking being 

acid. 

— 



Per cent. 

No time. 

1 hour. 

17 hours. 

99-87 

2 081 

2-058 

1 948 


2 098 

— 

— 

93-3 

16-38 

16-31 

16*298 


16*38 

16-32 

-- 


The results of both tables are shown graphically in Fig. 1. ]{ 
will be noticed that the effect of time and concentration of acid 



Interval between introducing guncotton and acid into nitrometer and shaking. 


was much less in the absence of organic matter, but the influence 
of allowing the mixture to remain, even with 93' 3 per cent. acid, 
is quite noticeable, and that with the stronger acid is quite marked. 

Marquerot and Florentin found that the highest figures were 
obtained with 94 per cent, acid, but this result was not confirmed 
by experiments (not published) carried out by chemists in ex- 
plosives works. It was generally found that 96 — 97 per cent, acid 
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gave the highest results, and thus it came about that this strength 
of acid is that most generally used for nitrometer work. 

Neither Marquerol and Florentin nor the other chemists who 
investigated the question were apparently aware of the importance 
of the time which elapses between the introduction of the guncotton 
into the nitrometer and the shaking, and the discrepancies in the 
results may be accounted for by this. 

Table I shows that the highest figures were obtained with the 
weaker acids, but only if a sufficient interval was allowed to elapse 
before shaking. If the nitrometer was shaken immediately after 
the guncotton was introduced, higher results were obtained with 
96'8 per cent, acid than with 92'5 per cent. acid. 

It is clear from these results that it is preferable to work with 
a weaker acid, as the results are less influenced by the time factor 
than they are with the stronger acid ; but the most important 
question is to determine which results represent most closely the 
true nitrogen content. 

Marqueyrol and Florentin, by comparing the nitrometer method 
with Schloesing s method, found that the former gave correct results, 
but it is unsafe to determine the trustworthiness of one method by 
comparison with another equally unproven method. 

Ill a previous communication (./. ,W. Cliem. Ind., 1914, 33, 
628 ), the author attacked the problem in another way, and found 
that with guncotton and 96 per cent, acid the various errors balance 
one another, and that therefore the results were correct, This 
statement was supported by the analysis of the gas and the estim- 
ation of the nitrogen in the sulphuric acid residues by Kjeldahls 
method . 

It has been found since that Kjeldahls method in this case does 
not show all the nitrogen— that some of tile nitrogen in the residual 
sulphuric acid is not converted into ammonia oil heating, but is 
given oil in the form of nitrogen or nitrous oxide. 

As the conclusion previously drawn must have been wrong, owing 
to a part of the nitrogen having escaped detection, it was decided 
to repeat the work on a more elaborate scale, and, so far as possible, 
to test every method of analysis employed with the view of dis- 
covering any source of loss. 

this research deals principally with the estimation of nitrogen 
in nitrocellulose?, and the great difficulty was the determination 
of tile true nitrogen content. There is no method known of ascer- 
taining this simply and accurately. The method adopted was the 
>ame as that used in the previous investigation, namely, (1) the 
analysis and measurement of the gas evolved - (2) the analysis of 
Hie sulphuric acid residues. As the nitrometer estimation is carried 
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out in a closed glass vessel sealed by mercury, the nitrogen entering 
in the form of nitrocelluloses must, after the experiment, be either 
in the gas or in the acid, as it may be taken for granted that it 
cannot bo absorbed in any quantity by the mercury. Besides the 
nitrogen introduced into the nitrometer as nitrocellulose, a small 
quantity enters in the form of dissolved gaseous nitrogen in the 
sulphuric acid. If, then, the gas is accurately analysed and 
measured, and all the nitrogen in the sulphuric acid residue 
correctly estimated, the quantity of nitrogen in the nitrometer is 
correctly known, and by subtracting the nitrogen introduced by 
the sulphuric acid, the. actual quantity of nitrogen in the nitro- 
cellulose can be calculated. This method of procedure has the 
advantage that the results show to what the discrepancies in the 
estimation by the nitrometer are due. 

In this paper, the methods adopted for the, analysis of the gas 
and the residual acid are described in ^Part I, and the actual 
experimental figures obtained are given and discussed in Part II, 

Part I. 

Mr Ih otfs of Anah/m. 

A null/ six and Measurement of lhe (las. -The gas was transferred 
from the nitrometer to a gas analysing apparatus similar in prin- 
ciple to that recommended by Bone and Wheeler, hut specially 
designed for the particular requirements of the case. The gas may 
contain, besides a large quantity of nitric oxide, small quantities 
of sulphur dioxide, carbon dioxide, nitrous oxide, nitrogen, and 
carbon monoxide. The analysis was carried out in the following 
order : 

(1) Absorption of sulphur dioxide ami carbon dioxide. 

(2) Absorption of nitric oxide. 

(3) Absorption of carbon monoxide.. 

As the gas is evolved in the dry state in the nitrometer, it was 
measured dry. Great difficulty was experienced in attempting to 
do this at first, but by washing the measuring vessel before use with 
75 per cent, sulphuric acid and leaving one or two drops of it ill 
the vessel, the results became more satisfactory. A more concen- 
trated sulphuric acid was not used, as nitric oxide reacts with 
concentrated sulphuric acid and mercury, and a weaker acid could 
not be used, as the vapour tension becomes too high. The vapour 
pressure of 75 per cent, sulphuric acid being about 0'7 mm. at the 
ordinary temperature, the true dry volume of the gas was. taken 
as being 999/1000 of that measured. As the carbon dioxide amt 
sulphur dioxide were absorbed by dry sodium hydroxide, the volume- 
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was also measured dry after these gases had been eliminated. After 
absorption of the nitric oxide by ferrous chloride solution, the 
residual gas was measured wet, and as the volumes of gas dealt 
with at this stage of the analysis were comparatively small, no 
appreciable error was incurred in neglecting the vapour tension. 
Ill order to avoid a constant drying of the apparatus, one part was 
used exclusively for measuring the dry gas and another part only 
for the latter portion of the analysis. The gas was first transferred 
from the nitrometer into a gas-measuring vessel, which was 
immersed in water, kept stirred by a stream of air being bubbled 
through it, and measured dry after having been brought to atmo- 
spheric pressure. 

Estimation of the Carbon Dioxide and Sulphur Dioxide.- Owing 
to the possibility of carbon dioxide and sulphur dioxide being 
absorbed by the reagents used for eliminating the nitric oxide, these 
were estimated first. Alkali hydroxides are stated to react with 
nitric oxide, and this was found to be, indeed, the case with solid 
potassium hydroxide. Solid sodium hydroxide;, however, was found 
to have no influence, as the following figures show. 

Table ITT. 

Showing the. notion of nitric oxide on potassium hydroxide. 


Volume of gas 



at N.T.T’. 

Difference 


in c.c. 

in c.c. 

Original volume 

no- no 



After one hour over KOH 

109-22 

114 

After another hour over KOH the 



latter having been moistened 

100 08 

0-14 

After another hour 

108-50 

0-49 


107-90 

0-00 

„ „ 

107-22 

0’08 


The large diminution in volume which occurred at first was due 
to the presence of carbon dioxide and sulphur dioxide in the gas. 
The gas was then allowed to act on a stick of solid sodium 
hydroxide. 

Table IV. 


Showing the action of nitric oxide on sodium hydroxide. 



Volume of gas 
at N.T.P. 

Different*' 

• 

in c.c. 

in c.c. 

Original volume 

107-11 



After one hour over NaOH 

107 09 

0-02 

After anot her hour over NaOl l which 
had been slightly moistened 

107-10 

-0-07 

After another hour and a half 

107-13 

o-o:i 


After two hours over a slick of 
calcium chloride 


107 08 


005 
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In the actual analysis, the gas was allowed to remain for two 
to three hours in contact with the stick of sodium hydroxide. The 
latter was tested on several occasions for nitrites and nitrates by 
Devarda’s method, in order to ascertain if any nitrogen was 
abstracted from the gas by this treatment, but no appreciable 
quantity could be found. 

Estimation of the Nitric Oxide . — The gas, after absorption of 
the carbon dioxide and sulphur dioxide, consisted mainly of nitric 
oxide, and contained also small quantities of carbon monoxide, 
nitrogen, and nitrous oxide. The latter gas, owing to its great 
solubility in most solutioTis, gave much trouble, but a concentrated 
solution of ferrous chloride seemed to be specially suited for 
separating nitrous oxide from nitric oxide, as the solubility of the 
former gas in it was found to be about 16 per cent, at the ordinary 
temperature. Altogether, 9 c.c. of ferrous chloride solution were 
generally used for absorbing the nitric oxide, and this solution 
could have absorbed 1-4 c.c. of nitrous oxide. Under the condi- 
tions of the experiment, however, it was found by a trial with a 
synthetic mixture that not more than 0'34 c.c. was absorbed during 
the analysis of a mixture containing 9 c.c. of nitrous oxide and 
109 c.c. of nitric oxide. When the quantity of nitrous oxide was 
much smaller, as was usually the case, the loss must have been 
much less. 

In the actual analysis, the gas was treated with 7 c.c. of con- 
centrated ferrous chloride solution until no further diminution of 
volume occurred. It was then treated with 0*5 to 0 75 c.c. of the 
same solution for one to two hours at ordinary atmospheric 
pressure. Very little diminution occurred as a rule during this 
last treatment. The gas was then immediately measured. Wash- 
ing with water is not permissible, as the solubility of nitrous oxide 
at the ordinary temperature is about 80 per cent, by volume. It 
was found that even with the small quantities of gas usually dealt 
with at this stage of the analysis, treatment with 2 c.c. of water 
caused a loss of 0'3 c.c., although the gas contained a large propor- 
tion of nitrogen and its volume was only about 1 c.c. 

Estimation of Carbon Monoxide . — The solubility of nitrous oxide 
in ammoniacal cuprous chloride was found to be about 30 per cent, 
by volume, that is, twice that in ferrous chloride. Moreover, 
treatment with ammoniacal cuprous chloride ha? always to be 
followed by a treatment with water or dilute acid to absorb the 
ammonia left in the gas. This double treatment caused such an 
appreciable loss of nitrous oxide that the use of this absorbent for 
carbon monoxide had to he avoided. Acid cuprous chloride wan 
found to l)e no better. 
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An attempt was made to analyse the mixture by keeping the 
gas over a heated mixture o[ copper oxide and copper. The 
carbon monoxide would be oxidised to carbon dioxide, and the 
nitrous oxide reduced by the copper to nitrogen. This method was 
found to work quite well if the gas was kept for half an hour in 
contact with the mixture at 250°. One treatment was found to 
be sufficient when the gas was poor in carbon monoxide, but when 
the latter was present to the extent of 50 per cent, or more, two 
treatments were necessary. 

The copper was -prepared by precipitation from a solution of 
copper chloride with a rod of pure zinc. Copper sulphate could 
not be used for this purpose, as the product then contains small 
quantities of copper sulphide. The copper oxide was first prepared 
by igniting copper nitrate, hut it was found that the ordinary 
copper oxide, as used for combustions, made by igniting copper 
wire, was just as suitable. 

A mixture of about equal parts of these two substances was 
placed in a glass bulb having a little more than twice the volume 
of the gas to be analysed, and the bulb connected to the gas- 
measuring apparatus by a glass capillary tube and an indiarubber 
tube connexion. Before each experiment, a small piece of fresh 
filter paper was inserted in the capillary tube to absorb any liquid 
which it was difficult otherwise to prevent from being drawn into 
the bulb. The bulb and contents were then heated in an oil -hath 
to 250—280° and exhausted. The gas to be analysed was admitted, 
heated for an hour, and pumped out again. The volume was then 
measured, the carbon dioxide absorbed, and the volume measured 
again. The diminution represented the volume of carbon mon- 
oxide. As the proportion of the latter gas was small, by adopting 
the procedure described, incomplete exhaustion of the bulb before 
the treatment had no effect on the results, and even if a trace of 
the gas had been left in the bulb after treatment, the accuracy of 
the analysis was not appreciably impaired. 

No attempt was made, to ascertain the proportion of nitrous 
oxide to nitrogen in the nitrometer gas. They were both classed 
together, as they contain the same quantity of nitrogen per c.c. 


Intimation of the .1 itrotjen ■ in the Sulph itrir Arid Residues. 

Istimntiim of the Gases ICi'olvnl on II eat in;/. — A flask of the 
diape shown in Fig. 2 was filled with mercury, care being taken 
that no air was left adhering to the sides of the vessel. It was 
then inverted, with the end of the long tube dipping in a trough 
of mercury. By this means, a Torricellian vacuum was produced 
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in the vessel, which contained no appreciable quantities of 
permanent gas. 

The sulphuric acid residue was transferred from the nitrometer 
to the funnel, and allowed to be drawn into the vessel, care beino 
taken that no air was sucked in with it. The nitrometer was 
washed with two quantities of 5 c.c. of sulphuric acid, which were 
also transferred to the flask in the same way. The flask was gently 
heated, as in a Kjeldahl estimation, and the sulphur dioxide pro- 
duced by the action of the mercury which had been left in the 
stopper of the apparatus and had been sucked in, together with 


Fig. 2. 



the sulphuric acid, swept out all the other gases in a comparatively 
short time. The gases were collected over 20 e.c. of a 30 per cent, 
solution of potassium hydroxide, and consisted in the case of gun- 
cotton mainly of carbon monoxide with a little nitrogen and 
nitrous oxide. The acid from an analysis of an inorganic sub- 
stance gave only nitrogen and nitrous oxide. It is curious that 
nitric oxide was never found in these gases in appreciable quanti- 
ties, although the sulphuric acid must have been saturated with 
the gas when it was in the nitrometer. The mercury dissolved in 
the sulphuric acid is in the form of mercurous sulphate in the nitro- 
meter, but after the acid has been heated, the mercurous sulphate 
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is converted into mercuric sulphate. No doubt the nitric oxide is 
reduced at the higher temperature by the mercurous sulphate to 
nitrogen or nitrous oxide. 

After the evolution of gas had almost ceased, which occurred 
when the drop of mercury had dissolved, the sulphuric acid was 
heated to boiling until the liquid appeared transparent, but not 
necessarily colourless. Experiment showed that heating until 
colourless, and heating for several hours after the acid had become 
colourless and after the addition of potassium sulphate, had no 
effect on the amount of ammonia formed in the sulphuric acid. 

The gas collected over the potassium hydroxide, which in the 
case of nitrocellulose usually amounted to 2 to 3 c.c., was trans- 
ferred to the wet gas analysis apparatus, and the carbon monoxide 
removed by heating over copper and copper oxide and treatment 
with sodium hydroxide. In this case, where the quantity of carbon 
monoxide was very much greater than that of the nitrogen gases, 
the actual residue of nitrogen was measured, and not the diminu- 
tion in volume on treatment with potassium hydroxide, as described 
above. 

Experiments were carried out in order to ascertain whether the 
20 c.c. of potassium hydroxide dissolved an appreciable quantity 
of nitrous oxide, which would thus escape detection. A concen- 
trated sulphuric acid was prepared containing a known volume of 
dissolved nitrous oxide in solution. A weighed quantity of this 
acid was subjected to the same treatment as the sulphuric acid 
residues from the nitrometer estimations, and the volume of gas 
obtained was only O il c.c. short of that which the acid contained. 
This experiment represents an extreme case, as the quantity of the 
gas was greater than that usually found, and it consisted of pure 
nitrous oxide, whereas in the actual analysis of nitrocellulose acid, 
the proportion of nitrous oxide in the gas must have been less than 
25 per cent. 

The potassium hydroxide after an experiment with nitrocellulose 
was examined for nitrates and nitrites by Devarda’s method, but 
none could be found. Blank experiments were always carried out 
with the same quantities of the same sulphuric acid as used in the 
actual analysis, and the results obtained in these really represent 
the quantity of gas dissolved in the sulphuric acid”. In the 
blank experiments, however, the gas contained also a small quantity 
of oxygen, which had to be removed with alkaline pvrovallol 
solution. ° 

Estimation of Ammonia formed vi the Acid .— The sulphuric 
acid after it had been boiled until transparent was transferred to 
a round-bottomed litre flask, and after adding an excess of sodium 

VOL. CXVII. K 
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hydroxide and sufficient sodium sulphide to convert all the mercury 
present into sulphide, the ammonia was distilled off into a known 
quantity of Nj 100-acid. The acid wag then titrated with 2V /100- 
sodium hydroxide. 

Blank determinations were always carried out with the same 
quantities of the same sulphuric acid, sodium hydroxide, sodium 
sulphide, and water as in the actual analysis. 

Many attempts were made here also to ascertain if any loss of 
nitrogen occurred. 

The ammonia distillation was carried out with the addition of 
Devarda’s alloy and other reducing agents in a variety of ways 
without increasing the result. 

The distillation of ammonia was also carried out under diminished 
pressure, and the evolved gase9 were collected, but the quantity of 
gas so obtained, namely, 0'29 c.c., was not much greater than that 
given off in a blank determination, namely, 0*20 c.c. 

The addition of sodium sulphide^was found to be essential. 

Part II. 

Discussion of Results Obtained. 

The following are the details of the nitrometric method which 
was used for obtaining the results given in this paper. The method 
is similar to that used in many explosive factories. 

The nitrometer was first washed out with concentrated sulphuric 
acid, and the cup washed with distilled water and dried. 

Dried and sieved nitrocellulose (0'5 — O' 55 gram) was placed in 
a weighing bottle and heated to 96° in a steam-bath for one hour. 
The weighing bottle was then accurately weighed, the nitrocellulose 
dropped into the cup of the nitrometer, and the empty weighing 
bottle weighed again. Five c.c. of the sulphuric acid of specified 
strength were added to the cup, the nitrocellulose was stirred in 
the acid with a glass rod, and run into the nitrometer. The cup 
was then washed with successive quantities of 2*5 c.c., 2*5 c.c., and 
5 c.c. of the same acid, and these were run into the nitrometer as 
well. The whole operation of washing the nitrocellulose into the 
nitrometer with the 15 c.c. of acid occupied five minutes. After 
the introduction of the acid and nitrocellulose, the nitrometer was 
allowed to stand for the specified time and then vigorously shaken 
for one and a-half minutes. It was allowed to stand for ten 
minutes, again shaken vigorously for one minute, and the gas 
transferred to the measuring vessel described above. 

The sodium nitrate was introduced into the nitrometer cup in 
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tttblo as the analyses were not completed. These rosulte for a similar quantity of gas were 0-57, 0-67. 0-40. 0-59.. 0-56 c.c. 
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the same way as the guncotton, but it was then dissolved in two 
portions of water of 0 5 c.c. each, which -were run into the nitro- 
meter, and the cup was washed with 96' 8 per cent, sulphuric acid 
as described above. In this case, the addition of the water reduced 
the concentration of the acid to 93-3 per cent. 

The results are given in table V. 

The results for the various kinds of nitrocellulose under the same 
conditions show that they act in the nitrometer in the same way 
under normal conditions with 96-8 per cent, acid; the only essential 
difference observed was the quantity of carbon dioxide and sulphur 
dioxide in the gas evolved from guncotton. This difference is not 
caused by any special behaviour of the guncotton itself, but by the 
presence of calcium carbonate, as the following figures show. 

Table VI. 

Giving pcrctntaye of calcium carbonate in the nitrocellulose^ 



CaCO,. 

CO* from 0-53 grain, 


Per cent. 

c.c. 

Dupont high nitrogen guncotton ... 

002 

0025 

Guncotton 

0-25 

0-29 

Highly soluble nitrocellulose 

002 

0-025 

Blasting soluble nitrocellulose 

0-06 

0-07 

Taking the figures as a whole, 

it will he 

seen that under all 


the conditions examined, the results calculated from the crude gas 
with both inorganic and organic nitrates were too low. The best 
result for guncotton was obtained with 92' 5 per cent, acid and an 
interval of fifteen minutes between the introduction of the gun- 
cotton and acid into the nitrometer and the shaking. It will also 
be observed that 'the best results are concomitant with a high degree 
of purity of the gas and, at the same time, a small content of 
nitrogen in the residues. With guncotton, the purest gas is 
obtained with 92*5 per cent, acid, and no interval between the 
introduction of the nitrocellulose and the shaking ; but in this case 
a large amount of nitrogen is retained by the acid, due, apparently, 
to incomplete decomposition of the guncotton. 

The table also shows that the errors in the case of inorganic 
nitrates are smaller than they are with nitrocelluloses; hence the 
standardisation of the nitrometer with pure sodium or potassium 
nitrate does not necessarily eliminate the errors of the determin- 
ation of nitrogen in organic nitrates. 

The use of the more dilute sulphuric acids is advisable, not only 
on account of the better results obtained, but also because they 
generally contain a smaller quantity of dissolved nitrogen. 

Nitrogen appears to dissolve in a greater degree the more con- 
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centrated the acid between the limits of 90 and 100 per cent. ; 
hence more dissolved nitrogen is usually found in the more highly 
concentrated acids, as the figures in table VII show. These figures 
have been calculated from the blank experiments mentioned on 
p. 229. 

Table VII. 


Dissolved nitrogen in concentrated sulphuric acid. 


Sulphuric acid. 
Per cent. 
99-87 
96-8 
940 
92-5 


Percentage of nitrogen 
by volume. 

3-09 

1-56 

111 

0-98 


The nitrogen from the sulphuric acid is partly driven out during 
an estimation by the escaping nitric oxide, and is thus partly 
responsible for the content of nitrogen in the latter gas. 

The separate estimation of nitrogen and nitrous oxide in the 
nitric oxide was not carried out in the above analyses, as these two 
erases contain the same quantity of nitrogen per c.c. In two cases, 
however, this was determined by combustion with hydrogen. The 
crude nitric oxide was obtained by shaking guncotton with 96 per 
cent, sulphuric acid, after allowing the mixture to remain in the 
nitrometer for about twenty-four hours. In one case this gas 
contained 4-6 per cent, of nitrogen and 6-8 per cent, of nitrous 
oxide; in the other experiment, the gas was found to contain 5*8 
per cent, of nitrogen and 5‘6 per cent, of nitrous oxide. 

The large quantity of gas evolved on heating the residual 
sulphuric acid in some of the experiments described in table V was 
explained by the great solubility of nitrous oxide in concentrated 
sulphuric acid, which was found to be about 58 per cent, by volume 
at the ordinary temperature. 


Influence of the Quantity of Sulphuric Acid. 

The question of the influence of the quantity of sulphuric acid 
used is of importance, as many firms, especially those in America, 
use 50 c.c. of 94 — 94 ‘5 per cent, sulphuric acid and the Lunge 
volumenometer, instead of 15 c.c. as in the ordinary nitrometer. 
Apparently the larger quantity of acid is used to accelerate the 
decomposition, which with a smaller quantity of this strength of 
acid might remain incomplete unless a sufficient interval were 
allowed between the introduction of the guncotton and the shaking. 
The larger quantity of nitric oxide dissolved in the acid is com- 
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pensated by standardising the measuring apparatus with pure 
potassium nitrate. The results obtained with 50 c.c. of 94 0 per 
cent, acid are given in tablp VIII. 

The results show that the ammonia formed in the residual acid 
is the same as with a smaller quantity of a similar acid, hut that 
all the other sources of error are greater ; hence the actual volume 
of gas obtained is smaller than with the ordinary nitrometer, and 
even standardisation with potassium or sodium nitrate does not 
produce results any higher or truer than those obtainable with the 
ordinary nitrometer. 

It may be mentioned here that in the experiments with sodium 
nitrate, the addition of 1 c.c. of water to 50 c.c. of 94 per cent, 
acid produced an acid of about 93 per cent., that is, practically the 
same as that obtained in the other experiments with sodium nitrate, 
where 15 c.c. of 96-8 per cent, acid were diluted with 1 c.c. of 
water. 

Conclusion. 

The general result of the research is that the nitrometric estim- 
ation of nitrogen in nitrocelluloses invariably gives results which 
are too low. 

It has been found that the interval of time which is allowed to 
elapse between the introduction of the nitrate, and sulphuric acid 
into the nitrometer and the shaking has a great influence on the 
results in the case of nitrocelluloses. The effect is less in the case 
of inorganic nitrates. 

The truest results are obtained by using 15 c.c. of 92'5 — 94-0 
per cent, sulphuric acid, and by allowing a quarter to half an 
hour to elapse between the introduction of the nitrocellulose and 
acid into the nitrometer and the shaking. In this case, the error 
is about O’ 7 per cent., taking the nitrogen as 100. 

This research was carried out in the Research Laboratories ot 
Nobel’s Explosives Co., Ardeer, and I wish to express here my 
thanks to Mr. J. Rogers, O.B.E., and to Mr. W, Rintoul, O.B E,, 
for their kind permission to publish the results. 

Falkibk, 

Stiblinqshibe. [Recrirerf, November 10th, 1919.] 
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XXIX. — The Preparation of Methylamine from 
Ammonium Methyl Sulphate. 

By William Smith Denham and Lionel Frederick: Knapp, 

Werner (T., 1914, 105 , 2762), who observed that methylamine i s 
produced when ammonium methyl sulphate is heated, followed acidi- 
metrically the progress of the change to temperatures up to 275° 
and regards it as being represented essentially by the equation 
NH,- S0,Me = X H S M e-SO, H , although at temperatures above 240° 
a small quantity of ethylene is formed owing to a subsidiary reac- 
tion. He records the separation under favourable conditions of m 
85 '6 per cent, yield of methylamine. The methyl sulphates of the 
substituted ammonium bases behave similarly when heated, and 
the discoverer suggests that those reactions may be found of prac- 
tical value for the preparation of the substituted methylammomum 
bases. 

The results now communicated, obtained in an investigation of 
Werner's reaction undertaken with the object of utilising it for the 
preparation of methylamine, indicate that, under the conditions 
observed, the reaction is less simple than represented above, and 
that, at any temperature at which a noticeable transformation of 
ammonium methyl sulphate occurs, a mixture is produced contain 
ing ammonium, methylammonium, dimethylammonium, trimethyl- 
ammonium, and (probably) tetramethylammonium salts, as, indeed, 
is implied in Werner's statement that 11 the further progress and 
limit of the isomeric transformation may be expressed by the general 
equations : 

NH„RR'-S0 4 Me= NHRR'Me-SO,H 
NHRR'R"-S0 1 Me=NRR'K"Me-S0 4 H,'' 

for, „once some methylamine is produced, the melted mass may be 
considered, as pointed out by Werner, to contain methylamine 
methyl sulphate among other salts. 

It is evident that the formation of secondary and tertiary amines 
reed not become apparent in the acidimetric values, since, as 
indicated by equations given below, an interconversion of the 
amines may cause no alteration in the amount of free acid present, 
The products of the transformation were therefore separated 
approximately, and from these analyses it is concluded that, by 
heating ammonium methyl sulphate alone, about 25 to 30 per cent, 
of the ammonia can be converted into methylamine. When the 
period of heating is prolonged, the proportion of dimethylamine 
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a nd trimethylamine (taken together) in the product increases, but 
the absolute amount of methylamine does not alter very much. 

Methylamine is produced when a mixture of the sulphate of 
ammonium, dimethylamine, and trimethylamine is heated, and this 
supports, the view that in the melted mass obtained by heating 
ammonium methyl sulphate, a state of equilibrium is attained or 
approximated to in which, as expressed by the equations 

2NH 3 Me-S0 4 H = NH 4 -S0 4 H + NH s ,Me 2 -S0 4 H, 
2NH 2 Me2-S0 4 H — NH 3 Me-S0 4 H + NHMe^SOJI. 

salts of methylamine and ammonium are opposed. The addition 
of ammonium salts to the ammonium methyl sulphate may there- 
fore be expected to increase the yield of methylamine, an expecta- 
tion which is in accordance with the fact. When one equivalent 
of ammonium sulphate was mixed with ammonium methyl sulphate, 
a distinct improvement was observed in the yield of methylamine, 
but the mixture does not melt very readily, and, possibly on 
account of the imperfect fusion, the yield was not further increased 
when two equivalents of ammonium sulphate were added. Of the 
few other ammonium salts which it appeared to he practicable to 
use, ammonium benzenesulphoiiate was chosen. With ammonium 
methyl sulphate, this salt forms an easily fusible mixture, from 
which a greatly increased yield of methylamine is obtained, wiiiisr 
ihe proportion of dimethylamine and trimethylamine produced 
(taken together) is greatly diminished. 

The possibility that the beneficial ellect of the presence of 
ammonium benzenesulphoiiate may be related to the known methyl- 
ating action of methyl benzenesulphoiiate was not investigated ; 
although this possibility might account for an increased yield of 
methylamine, it does not explain the alteration ill the relative 
proportions of methylamine on the one hand and dimethylamine 
and trimethylamine on the other if we suppose the subsequent 
transformations to be reversible. No further sulphonation of the 
benzene residue was observed, and the improved yield cannot there- 
fore be ascribed to a partial removal ill this way of free sulphuric 
acid, the presence of which, indeed, does not appear to be harmful 
and is probably necessary. 

The employment of gaseous ammonia suggests itself as a means 
of neutralising the free acid (supposing that desirable) and of 
supplying at the same time an increased concentration of 
ammonium salts, and an improved yield of methylamine was indeed 
obtained when ammonia in regulated amounts was admitted to the 
reaction Vessel, but- the method is inconvenient. At the ordinary 
temperature, ammonia reacts with ammonium methyl sulphate 

' K* 
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with the evolution of heat, probably owing to the occurrence ot 
the following or some similar reaction, 

NH 4 -S0 4 Me + NH S = NH 4 -SO s - NH 2 + MeOH, 

and no methvlamine is produced. 

It is concluded that, to obtain the best yield of methylamine 
by means of Werner’s reaction, the ammonium methyl sulphate 
should be heated for one hour and a-half at 260° or at a slightly 
higher temperature, when the yield of methylamine is about 27 per 
cent, of the theoretical yield ; when a mixture of ammonium methyl 
sulphate with two equivalents of ammonium benzenesulphonate i 5 
heated under conditions otherwise the same, the yield of methyl- 
amine is nearly 50 per cent, of the theoretical. 

Experimental. 

In most of the experiments summarised in the following tables, 
1 /10th gram-molecule (12-9 grams) of ammonium methyl sulphate 
contained in a test-tube was heated in an oil-bath. Excess of 
sodium hydroxide was added to the aqueous solution of the pro- 
duct, and the liberated bases were distilled, usually under 
diminished pressure, into aqueous hydrochloric acid. The hydro 
chloric acid solution of the amines was then evaporated, at first on 
the water-bath under atmospheric pressure, and finally in a vacuum 
until the weight was constant. The dried mass was extracted 
twice by boiling with absolute alcohol, using 50 c.u. of alcohol for 
the first extraction and 25 c.e. for the second, and the residue of 
ammonium chloride was washed with 25 c.c. of cold alcohol. 
(When very large quantities of ammonium salts were present, a 
preliminary extraction was made with much alcohol, and the resi- 
due from the evaporation of the solution thus obtained was then 
extracted as above.) After removing the alcohol by distillation 
from the united alcoholic extracts and washings, the residual mix- 
ture of ammonium chloride and amine hydrochlorides was dried 
until constant in weight, and in some experiments this residue was 
extracted twice by boiling it with chloroform, using 50 c.c. of the 
solvent each time. According to Bresler [Ann. Ghim. anal., 1901, 
6, 28; compare Behrend, Annalen, 1884 , 222, 119), methylamine 
hydrochloride is insoluble in hot chloroform, whilst the hydro- 
chlorides of dimethylamine and trimethylamine dissolve quite 
readily. When ammonium chloride alone was boiled with 50 c.c. 
and 25 c.c. of alcohol successively, the united extracts gave on 
evaporation 0'55 gram of ammonium chloride, and in the calcu- 
lation of the "yield of methylamine ” from the weight of the 
alcoholic extract, 0'55 gram has been deducted as an approximate 
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correction for the ammonium chloride present. The “yield” thus 
found is employed merely as a conventional method of comparing 
the results of experiments when more accurate methods of com- 
parison are not available, for the alcoholic extract contained the 
hydrochlorides of dimethylamine and trimethylamine, and prob- 
ably more ammonium chloride than was allowed for. The residue 
from the extraction with chloroform contained, besides methyl- 
amine hydrochloride, the ammonium chloride present in the 
alcoholic extract, and in calculating the “yield of methylamine” 
from the quantity of product dissolved by alcohol, but undissolved 
by chloroform, the same weight (0'55 gram) was first deducted. 
In several experiments, the proportion of methylamine in the 
residue from the extraction with chloroform was determined by 
Franjois’ method ( Compt . rend., 1907, 144, 857), that is, by fix- 
ing the ammonia with yellow mercuric oxide and titrating the 
methylamine in the filtrate. 

In each of the experiments of which the results are summarised 
in this table, a tube containing 20 grams of ammonium methyl 
sulphate was placed in an oil-bath already heated to the desired 
temperature and removed after thirty minutes, the contents of the 
tube being at the maximum temperature for periods varying 
between fifteen and twenty minutes. Two-fifths of the product 
(derived from 8 grams of ammonium methyl sulphate) were used 
for titration, and from the remainder the amine hydrochlorides 
were prepared and extracted with alcohol, as described above. 
Although the part of the product treated in this way was derived 
from only 12 grams of ammonium methyl sulphate, the same 
approximate correction was made for the ammonium chloride pre- 
sent as in the experiments in which 12 9 grams were used, since 
the same quantities of alcohol were employed in the extractions. 
Werner's result® by titration after fifteen minutes' heating at 
nearly equal temperatures are given for comparison. The “ yields 
of methylamine” are expressed as percentages of the theoretical 
yield if complete transformation occurred. The weight of methyl- 
amine hydrochloride from 12 grams of ammonium methyl sulphate 
would then be 627 grams. 

Effervescence occurred in all cases, especially in 3 and 4, where 
the temperatures in the tubes rose above that of the bath, but 
both the effervescence and the evolution of heat slackened after a 
few minutes. The fused products from experiment® 1 and 2 
were slightly yellow; those from 3 and 4 were dark reddish- 
brown. 


K* 2 
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Table II. 

In the experiments summarised here, the period of heating was 
longer. 12-9 Grams of ammonium methyl sulphate were used for 
each experiment, the theoretical yield of methylamine hydro- 
chloride being 6*75 grams. 

The temperatures are those of the bath, initially at the ordinary 
temperature. 


No. 

of 

experi- 

ment. 


Duration 

of 

heating. 

Hours. 

100 


Temperature, etc. 
100 ° 

hours up to 168°. 
hours at 160- 


/ 2 hours up to 206°. 
6 z \4‘ ' 


-168°./ 

1 

\4| hours at 196—206°. J 
( 3 hours up to 255°. ) 

® \ 3 hours at 230—255°. J 
/I hour up to 272°. 1 

> { j hour at 240 — 272°. / 


II. 

HI. 

Weight of 

Yield of methyl- 

amine 

amine calculated 

hydro- 

from II after 

chlorides 

correction for am- 

dissolved by 

monium chloride. 

alcohol. 

Percentage of the 

Grams. 

theoretical yield. 

0-69 

21 

0-70 

22 

3-24 

39-9 

3-89 

495 

4-52 

58-8 


Partial Solubility of the Amine Hydrochlorides in Chloroform. 
-Table III shows the proportion of the alcohol -soluble product. 


Table III. 

12 9 Grams of ammonium methyl sulphate were heated in each 
experiment, the theoretical yield of methylaminonium chloride 
being 6‘75 grams. 




I. 

II. 

III. 

IV. 

V. 






Yield of 

Yield of 






methyl- 

methyl - 





Weight of 

amine 

amine 





amine 

calculated 

calculated 





hydro- 

from II 

from III 





chlorides 

after 

after 




Weight of 

dissolved 

correction 

correction 




amine 

by alcohol 
but un - 

for am- 
monium 

for am- 
monium 

No. 

Duration 


chlorides 
dissolved 
by alcohol. 

dissolved 
by chloro- 
form. 

chloride. 

chloride* 

OI 

experi- 

OI 

heating. 

Tempera- 

Percentage of the 

ment-. 

Mins. 

ture. 

Grains. 

Grains. 

theoretical yield. 

10 

18 

230—234° 

3-0 

M 

363 

23-0 

11 

17 

254—258° 

3-74 

2-44 

47-3 

28-0 

12 

16 

From room 

| 






tempera- 
ture to 

3 47 

2-62 

43-3 

30-1 


260 ° 
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found to be insoluble in chloroform. The results are confirmed by 
those displayed in later tables. In experiments 10 and 11, the 
vessels containing the ammonium methyl sulphate were placed in 
au oil-bath already heated to the required temperature. In ex- 
periment 12, the ammonium methyl sulphate was heated in 
sixteen minutes from the ordinary temperature to 260°, and then 
removed from the bath, when the temperature of the melted salt 
remained at about 260° for a minute or two, and then fell slowly. 

Nitrogen in the Still Residue.— In experiment (10), after the 
volatile bases had been removed by prolonged distillation of the 
alkaline solution of the product obtained on heating the ammonium 
methyl sulphate, the residue in the distillation flask was neutralised 
with sulphuric acid and evaporated to dryness. The dried residue 
was found to contain nitrogen. 

Effect of Ammonia on the Transformation .— In experiment (13) 
(table IV), a very slow current of ammonia was passed into the 
salt after it had been melted and heated to 170°; in experiment 
(14), the flask containing the. salt was heated rapidly to 220°, and 
then attached to a reservoir of ammonia gas under a pressure of 
100 mm., in addition to the atmospheric pressure; and in experi- 
ments (15), (16), and (17), ammonia, similarly under a slightly 
increased pressure, was present from the beginning. If the yield 
of methylamine were theoretical, and if all the acid formed were 
neutralised hy ammonia, the total weights of hydrochlorides in 
column III would be 12-1 grams (5-35 grams of ammonium chloride 
and 6'75 grams of methylamine hydrochloride). 


Table IV. 


12'9 Grams of ammonium methyl sulphate were heated in each 
experiment. The oil-bath and contents were heated from the 
ordinary temperature. The temperatures are those of the bath. 


No. 

Duration 


of 

of 


experi- 

heating. 


ment. 

Hours. 

Temperature. 

13 

3i 

11 hours at 234° 

14 

31 

2 „ 260° 

15 

3 k 

2 260° 

16 

21 

*> It 240° 

]7 

2$ 

2 !! 260° 



(reached 270®) 


II. 

III. 

IV. 

Yield of 
methylamine 
calculated 

from III 
after correc- 


Weight of 

tion f r 


amine 

ammonium 

Weight of 

hydro- 

chloride. 

amine 

chlorides 

Percentage 

hydro- 

dissolved 

of the 

chlorides. 

by alcohol. 

theoretical 

Grams. 

Grams. 

yield. 

8-89 

4*32 

’55-9 

7-13 

4*93 

64-9 

7-48 

5*14 

680 

11*27 

4-59 

59*9 

12*15 

4-52 

58-8 
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Effect of Ammonium Sulphate on the Transformation. — Table V 
summarises the results of a study of the effect on the yield of 
methylamine of the duration of heating and of the presence during 
(he reaction of different proportions of ammonium sulphate. In 
this series, the percentage of methylamine was determined by 
Francois’ method, already referred to, in that portion of the amine 
hydrochlorides which was dissolved by alcohol, but undissolved by 
cliloroform. 

Estimation of the Dimethylamine and Trimethylamine in the 
Chloroform-soluble Part . — The following percentages of dimethyl- 
amine and trimethylamine hydrochlorides were found in the 
chloroform-soluble portions obtained in experiments 19 and 24, 
using Bertheaume’s method ( Compt . rend., 1910, 150, 1251), that 
is, by precipitating the trimethylamine as periodide and estimating 
volumetrically the trimethylamine in the precipitate and the 
dimethylamine in the solution : 

D'methy’amioe Trimethvlamine 

hydrochloride. hydrochloride. 

Per cent. Per cent. 

Chloroform so’uble portion 

fr m experiment 19 67‘4 64-8 

Chloroform-soluble portion 

from experiment 24 27*0 31‘6 

Although the comparison is not complete, since in experiment 
28 the percentage of methylamine in the chloroform-insoluble por- 
tion was not estimated, the results tabulated above indicate that 
two equivalents of afrimonium benzenesulphonate are as effective 
as four. With the larger proportion of ammonium benzene- 
sulphonate, the mixture did not fuse so readily. 

Examination of the Residual llenzenesulphonate . — In experiment 
25, the amines were liberated by the addition of baryta, the excess 
of which was removed from the residue in the distilling flask after 
the distillation by means of carbon dioxide. The solution was 
then evaporated to dryness, and the barium estimated in the dried 
product. 

Found : Ba = 30'7. 

(C c n 5 'S0 3 ) 2 Ba requires Ba = 30'4, and C fi H 4 (S0 3 ),.Ba requires 
Ba = 36'7 per cent. 

General Comparison of Experiments made at about 260°. — In 
table VII are assembled those experiments in which ammonium 
methyl sulphate was heated for different periods at about 260°, with 
and without the addition of ammonia or of an ammonium salt. 
Two experiments made in closed vessels (29 and 30) are included. 
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MethyUmni from « Mixture of the Sulphate* of Ammonium, 
Dmethylammomum, and Trimethylammomum. — Five grams of the 
mixed hydrochlorides of dimethylamine and triinethylamine, 
obtained m the extractions with chloroform, were mixed with an 
excess of sodium hydroxide solution, and the liberated bases were 
distilled into an aqueous solution of 6 grams of sulphuric acid. 
The solution was neutralised with ammonia (but the presence of 
some free acid would doubtless have been advantageous), and the 
residue, after evaporation to dryness, was heated at 270° for a 
short time. The bases were converted into the hydrochlorides and 
extracted with alcohol, and then with chloroform, which dissolved 
155 grams. After purification of the portion insoluble in chloro- 
form, 0-44 gram of methylamine hydrochloride was obtained. 

Chemical Laboratory, 

St. Marx’s Hospital Medical School, 

Paddington. [ Received , January 15 M, 1920.] 


111.— The Behaviour of the Constituents of Banded 
Bituminous Coal on Coking. Studies in the 
Composition of Coal. 

By Rudolf Lessing. 

The four main constituents of banded bituminous coal have been 
isolated and described by Stopes (Proc. Roy. Soc., 1919, [fi], 90, 
470) mainly from the microscopical and pakeobot’anical point of 
view, and designated by her fusain, durain, clarain, and vitrain 
respectively. These four ingredients, derived from the Thick Coal, 
Hamstead Colliery, have been chemically investigated recently bv 
Tideswell and Wheeler (T„ 1919, 115; 619), Their researches 
comprised proximate and ultimate analysis, the action of solvents 
snd of reagents on the four substances, and their destructive dis- 
tillation m a vacuum with examination of the gaseous and liquid 
products. This vacuum distillation was carried out under con- 
ltions which yielded in each instance, not a coherent coke, hut a 
solid residue consisting of loose particles little different in outward 
appearance from the original materials, although shrunk in total 
volume. 

At the suggestion of Drs. Stopes and Wheeler, I investigated the 
i aviour of samples of fusain, durain, clarain, and vitrain upon 
In S in an apparatus previously described bv me (,7. Soc. Chtm. 
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Ind., 1912, 31 , 465, 671; Tram. Inst. Gas Eng., 1912, 242; see 
also/. Gas Lighting , 1912, 118 , 815, 855). The method consist 
briefly in placing 1 gram of the coal sample into a cylindrical silica 
retort of approximately 1 "25 cm. internal diameter and fitted with 
a side-tube 6'5 cm. from the bottom, and heating it in an electric 
furnace. A loosely fitting piston weighing 7'5 grams is placed on 
the coal charge, compressing it slightly, while allowing the gases 
and vapours to escape freely. These are led through the side-tube 
and a cotton-wool scrubber into a eudiometer. 

Tideswell and Wheeler heated each sample for several days 
raising tile temperature by only 50° at a time, in order to remove 
completely every trace of gas or liquid volatile at each stave 0 f 
decomposition. The great difference in my procedure from theirs 
is that, apart from the coal being heated in a confined space, the 
whole period of carbonisation extends over a few minutes only 
and that there is a considerable temperature gradient from the 
outside to the interior of the coal, at any rate during the first 
minute or two, which permits the re-condensation of some primary 
products of decomposition and their reaction with coal which has 
not yet undergone any considerable thermal change. By this 
reaction of an original or partly carbonised coal with primary pro- 
ducts and the secondary decomposition of the latter, a coherent 
coke is formed. 

This fundamental difference of the working conditions must he 
borne in mind when comparing the quantities and properties of 
products obtained by Tideswell and Wheeler with those found in 
this research. 

The investigation was principally directed to ascertain any dis- 
tinctions exhibited by the solid coking residues of the four coal 
constituents. The yields of liquid and gaseous products at the two 
temperatures employed, namely, 600° and 900°, were, however, also 
determined . 

The samples originally submitted were fine powders passing 
through a 200-mesh screen. As was to be expected, the gas space 
between the particles of such powders was not sufficient to permit 
of the gas readily disengaging itself, especially during the evolution 
of the large volumes generated during the initial distilling period. 
It was therefore found that a few seconds after inserting the retort 
into the hot furnace a certain portion of coal dust was thrown up 
beyond the piston, passing between it and the retort wall, thus 
escaping carbonisation in the relatively cool upper part of the 
retort. This portion of the sample was finally weighed as carbon, 
producing a corresponding deficiency in the coke, tar. and gas 
figures. The small quantity of coal substance extracted from this 




Plate A. 



Plate B. 
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portion- with chloroform, and consequently weigher! as tar, was 
regarded as negligible. 

In order to avoid this drawback, another set of samples (except 
fusain, which was obtained almost exclusively as powder), which 
tsd been crushed to pass through 10 mesh and remain on 60 mesh, 
*39 kindly supplied by Dr. Wheeler. For the purpose of avoid- 
ing the fairly large spaces formed by the cohesion of these particles 
,li>ug comparatively few lines of contact, a third series of samples 
was prepared by crushing these specimens to a size passing through 
30 mesh and remaining on 90 mesh. This size contained spaces 
large enough to allow free escape of gas, and left the solid particles 
in closer aggregate. These showed a higher sintering or agglutin- 
ation effect, even under the slight pressure of the silica piston and 
with the short period of complete carbonisation, which are in- 
significant when compared respectively with the weight of super- 
imposed coal, say, in a gas retort or coke-oven and with the 
duration of a large-scale charge, which may take as many hours 
or more as minutes are required in this test. 

The results of the two series of experiments are recorded in 
tables I and II. The gas-production curves are shown in Figs. 1 
and 2, and it should be noted that the volumes plotted could not be 
corrected for N.T.P. Photographs of the coke residues obtained 
are shown in 4/5 natural size in plates A and B. 

Coke Residues.— -The distinctive physical character of the coke 
obtained from the different specimens under varying conditions is 
the most interesting and important outcome of this research. The 
differences between fusain, durain, clarain, and vitrain already 
observed by Stopes and Wheeler are shown here in an accentuated 
form. The differences exhibited by tbe coke specimens from the 
four substances are not less remarkable than the consistency of 
properties observed with each one of them under varying conditions 
of size and heating. This constancy is even observable in details 
which appear somewhat obscured in the photographs, and particu- 
larly with the “fine " specimens. 

Fusain . — Fusain shows no outward change in appearance after 
coking. It has no tendency whatever to adhere, and the solid 
coking residue is therefore a powder, like the original specimen. 
The particles retain their fibrous structure and dull black colour. 
Xo differences in appearance are observable between residues 
obtained at 600° and 900°. 

Durain . — Durain undergoes practically no change of form during 
coking. The particles retain their angular shape and show little 
tendency to adhere to each other, although more than fusain. This 
applies particularly to the 600° series, and it was found impossible 
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to preserve a complete coke cylinder from the coarse specimen for 
photography. In several attempts, portions of the coke crumbled 
away, as shown in the photograph. At 900° the coke specimens 
are somewhat firmer, but in general durain must be regarded as 
practically devoid of any "coking value." The colour of the cokB 
is the same dull, greyish-black as that of the original durain. 

Clarain . — Clarain show r ed considerable fusion and merging of 
particles. At 900° most of the fine and medium-sized particles 
lost their identity almost completely, whilst even the coarse ones 
sintered or fused to rounded shapes which firmly cohered or fluxed 
together with their immediate neighbours. A peculiarity, which 
may or may not be significant, is that all clarain cokes made at 
900° had a vertical crack which made them appear as of ellipsoid 
cross-section. They also showed a tendency to “mushroom” form- 
ation, which was, however, not as definite as in the vitrain speci- 
mens. All clarain cokes showed a peculiar brown sheen. 

Vitrain . — The vitrain particles were well sintered and showed 
rounding of the angular edges, but the consolidation of particles 
did not go so far as with clarain. The colour is a silver-white of 
high lustre. The coke specimens from vitrain were the most dis- 
tinctive in shape. This was of the “ mushroom type previously 
described (for. cit.). It was remarkably definite at 900°, whilst 
the tendency of the lifting effect can be clearly seen on the speci- 
mens from the 600° tests. This phenomenon, which has not been 
observed in the use of other coking methods, is probably closely 
connected with the whole problem of the carbonisation of coal and 
the as yet unexplained discrepancy in the behaviour of various 
coals when subjected to thermal decomposition. As a plausible 
explanation, it is suggested that the formation of coke is due to 
the partial or complete fusion of coal or solutions of coal in tar 
or pitch primarily produced from adjacent coal particles, followed 
by an energetic thermal decomposition of the fused or sintered 
mass, by which its chemical constitution is altered, and further 
fusion is consequently arrested. According to the composition and 
the physical character of a coal or a coal constituent, these phases 
may follow each other in more or less rapid sequence, or may 
overlap very considerably. 

In the case of vitrain, it appears that the phase of rigidity 
follows so rapidly after the fusion phase or overlaps it to such an 
extent that an impermeable wall is formed round the coal cylinder 
before the heat has penetrated to the inner core. As soon as this 
occurs and gasification proceeds, the gas pressure, overcoming the 
weight of the piston, throws up the core with explosive force in 
the only direction in which movement is possible. The pressure 
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having been released, the semi-rigid eruption is forthwith completely 
colidified, whilst the porosity of the whole specimen increases 
sufficiently for the ready release of the gas made during the 
remainder of the carbonising period. It is interesting to note that 


Table I. 

Temperature. 600°. 


Original Coals. 



Fusain. 

Durain. 

Clarain. 

Vitrain. 


Coarse : 

Through 10 

mesh on 60 mesh. 

Per cent. 

Coke 


71-38 

60-16 

62-21 

Carbon 


— 

0-46 

0-29 

Coke + Carbon 


71-38 

60-62 

62-50 

Tar 


913 

10-44 

10-00 

Gas (N.T.P.) 


73 c.c. 

96 c.c. 

83 c.c. 


Medium 

: Through 30 me&h on 

90 mosh. 

Coke 


7118 

60-18 

62-21 

Carbon 


— 

0-84 

0-27 

Coke -f Carbon 


71*18 

61-02 

62-48 

Tar 


8-38 

11-46 

10-75 

Gas (N.T.P.) 


76 c.c. 

90 c.c. 

81 c.c. 


Fine : Through 200 mesh. 

Coke 

— 

— 

— 

— 

Carbon 


— 

— 

— 

Coke + Carbon 

81-42 

87-22 

65-36 

65-80 

Tar 

3-56 

8-35 

8-86 

588 

flaa (N.T.P.) 


73 c.c. 80 c.c. 

Ash-free Dry Coals. 

80 c.c. 



Fusain. 

Durain. 

Clarain. 

Vitrain. 


Coarse : 

Through 10 mesh on 60 mesh. 

Coke 


83-16 

69-36 

72-39 

Carbon 


— 

0-53 

0-34 

Coke 4* Carbon 


83-16 

69-89 

72-73 

Tar 


10-64 

1204 

11-64 

Gas (N.T.P.) 


85 c.c. 

111 c.c. 

97 c.c. 


Medium : 

Through 

30 meBh on 

90 mesh. 

Coke 


82-92 

09-38 

72-39 

Carbon 


__ 

0-97 

0-31 

Coke Carbon 


82-92 

70-35 

72-70 

Tar 


9-76 

13-21 

12-51 

Gas (N.T.P.) 


89 c.c. 

104 c.c. 

94 c.c. 


Fine : Through 200 mesh. 

Coke 





Carbon 









Coke 4- Carbon 

87-51 

76-28 

75-18 

70-57 

Tar 

3-83 

9-48 

10-19 

a- 84 

Gas (N.T.P.) 


83 o.c. 

92 o.c. 

93 o.c. 
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tiie eruption can be observed by the shock given to the tar vapour 
in the retort tube. 

The phenomenon was also observed, but less markedly, at lino 
and to a still less degree with clarain. 

Table II. 


Temperature, 900°. 




Original Coals. 



Fusain. 

Durain. 

Clarain. 

Vi train. 


Coarse : 

Through 10 mesh on 

60 mesh. 

Coke 

Carbon 

Coke 4 - Carbon . . ; 

Tar 

Gas (N.T.P.) 


65-74 

2-58 

68-32 

8-56 

182 c.c. 

54-34 
0-62 
54-96 
10-40 
206 c.c. 

Per cent. 

64- 66 
0-66 

65- 22 
11-10 

209 c.c. 


Medium : Through 30 mesh on 90 mesh. 


Coke 


62-56 

54-06 

54-96 

Carbon 


2-06 

0-60 

0-66 

Coke 4 - Carbon 


64-62 

54-66 

55-62 

Tar 


9-92 

11-38 

12-58 

Gas (N.T.P.) 


190 c.c. 

217 c.c. 

221 c.c. 


Fine : Through 200 mesh. 

Coke 

— 

— 

— 



Carbon 

— 

— 

— 

_ 

Coke 4 - Carbon 

77-84 

61-88 

56-28 

56-88 

Tar 

3-86 

7-28 

10-82 

13-00 

Gas (N.T.P.) 


184 c.c. 

206 c.c. 

194 c.c. 



Ash-free Dry Coals. 



Fusain. 

Durain, 

Clarain. 

Vitrain. 


Coarse : 

Through 10 mesh on 00 mesli. 

Coke 


76-68 

62-65 

63-60 

Carbon 


3-01 

0-71 

0-05 

Coke 4- Carbon 


79-59 

63-36 

64-25 

Tar 


9-97 

11-99 

12-91 

Gas (N.T.P.) 


212 c.c. 

238 c.c. 

243 c.c. 


Medium : 

: Through 30 mesh on 

90 mesh. 

Coke 


72-88 

62-33 

63-96 

Carbon 


2-40 

0-69 

0-77 

Coke 4- Carbon 


76-28 

63-02 

64-73 

Tar 


11-65 

13-12 

14-64 

Gas (N.T.P.)* 


221 c.c. 

250 c.c. 

257 c.c. 


Fine : Through 200 mesh. 

Coke 

— 

— 

— 

— 

Carbon 

— 

— 

— 

— 

Coke 4* Carbon 

83-66 

70-23 

64-73 

66-19 

Tar 

4-15 

8-26 

12-45 

15-12 

Gas (N.T.P.) 

222 c.c. 

209 c.c. 

237 c.c. 

226 c.c. 
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A nalytkal Bata . — The carbonising results are recorded in tables 
X and II. As indicated above, the numbers for the "fine” speci- 
mens are practically valueless, on account of the loss or removal 
of uncarbonised coal from the hot zone. Whilst the gas and coke 
values are appreciably reduced, the loss of tar is partly compensated 
in some cases by the chloroform extract from the uncoked coal. 


fig /. 

OE E3&FV/^F1 7~lorv 


GOO T 



*H/YUTES. 


hi considering the results from the ’'coarse" and "medium" speci- 
mens, it is to be seen that durain yields a much higher coke residue 
than clarain and vitrain, whilst the latter somewhat unexpectedly 
produces invariably a little more coke than the former. 

An interesting feature is the amount of free carbon formed. At 
■ ■ this is considerably higher with durain than with clarain and 
vitrain, showing that the primary liquid products are more 
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susceptible to secondary decomposition or "cracking" at that 
temperature. On the other hand, at 600° no carbon whatever is 
produced from durain, whilst the amounts from clarain and vitrain 
are only slightly reduced (except in one case). This seems to 
indicate a considerable difference in the chemical nature of the 
primary decomposition products of durain on one side and of 
clarain and vitrain on the other. This observation is quite in 
accordance with Tideswell and Wheeler’s assumption of varying 
proportions of "reactive" and “inert" groups in the different coal 
constituents. However, it is suggested that the very considerable 
discrepancies in the amount and composition of mineral ingredients 
(to be described in the succeeding paper) influences catalytically 
the course of primary and secondary decomposition, and may be at 


F/G Z. 



any rate a contributory factor of the degree of reactivity of coal 
substance. The carbon may also be regarded as a measure of the 
amount of pitch formed primarily from each substance. 

The behaviour of clarain and vitrain is fairly similar, although 
their products of decomposition show sufficient numerical differences 
to account for the physical distinction of their coke residues. The 
gas yield of clarain and vitrain is almost equal, and in all cases 
larger, than that of durain. The differences in gas yield at 900° 
are much less pointed than those at 600°. This is due to the 
secondary decomposition of heavy hydrocarbons and cracking o tar 
oils running back into the hot zone. All samples of gas contained 
hydrogen sulphide and burned with a luminous flame, the order ot 
luminosity being clarain, vitrain, durain, fusain. 
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Experimental. 

The electric furnace employed for heating the retort tube has 
| iee n somewhat modified from that originally described. It consists 
nf two vertical silica tubes wound in series with nichrome wire of 
the same length and gauge on each tube. The furnace tubes are 
open at both ends, and by a height-adjusting attachment the coal 
charge may be placed in any desired portion of the heating tube. 

In all experiments here described, the retort was fixed with the 
coal charge in the middle of the heating tube, thus being in the 
hottest part of the tube. Care was taken to avoid the indraught of 
cold air into the furnace tube by placing asbestos collars at each 
end. In the second heating tube was placed a calibrated platinum- 
platinum-iridium thermocouple with the junction in a position 
corresponding with the centre of the coal charge in the other tube. 
Before making a test, 'the furnace was heated until a constant 
temperature was attained. The constancy of temperature in both 
tubes was frequently checked by transferring the thermocouple 
from one tube to the other, when only negligible differences in 
temperature were detected. 

After inserting the coal sample and silica piston in the retort 
tube, it was connected to tbe scrubber and eudiometer, the latter 
bein' 7 filled with a mixfcre of glycerol and water. The air in the 
retort and scrubber was not removed, as only total volumes were 
read and no gas analyses were made. When ready, the retort was 
plunged into the furnace tube, when distillation quickly began. 
Readings of the volumes of gas generated were made at intervals 
of half a minute. 

At the end of the distillation period, the retort tube was removed 
from the furnace, but left, connected to the eudiometer until the 
®as had attained the ordinary temperature. The final measure 
ment of the gas was then made, the eudiometer disconnected, and 
the scrubber and retort tube containing the coke were extracted 
with chloroform for the removal of tar. The chloroform extract 
was evaporated and dried, and the residue weighed; the coke 
was also weighed after drying. Small quantities of retort carbon 
produced by the decomposition of tar vapours on the hot retort 
walls were weighed separately. 

The temperatures selected for treating the specimens were 600° 
and 900°. The former is the maximum temperature which Tides- 
well and Wheeler employed in their experiments. The latter was 
chosen as likely to produce greater changes in the solid coking 
residues and as more nearly approximating the temperatures 
customarily employed in industrial carbonising methods. The 



256 


LESSING : THE MINERAL CONSTITUENTS OF 


three sets of specimens differing in size of particles only of duraiu. 
clarain, and vitrain, and fusain of original size, were submitted to 
tests at both temperatures in a strictly comparative fashion. 

At 900°, a heating period of exactly seven minutes was employed, 
beyond which the evolution of gas became very slow. It should 
be stated that in experiments extended for longer periods it never 
ceased entirely, which is to bo explained by the fact that under 
the conditions of working, part of the liquid products was able to 
run back into the hot zone of the retort, where they are again and 
again subjected to gasification by secondary thermal decomposition 
or "cracking.” The volume of gas thus generated is fairly 
constant. 

In the tests at 600°, it was found necessary to prolong heating 
to fifteen minutes, after which the gas-production curves become 
practically straight horizontal lines. 

The Laboratory, 

Southampton Hottse, 

317, High Holborn, W.C. !. [R.wiwrf, January 3 rd, 1920.] 


XXXI . — The Mineral Constituents ofoanded Bituminous 
Coal. Studies in the Composition of Coal. 

By Rudolf Lessing. 

The peculiar behaviour on carbonisation of fusain, durain, clarain. 
and vitrain described in the preceding paper made it appear possible 
that the differences observed were not entirely due to the composi- 
tion of their organic constituents, but that they were at any rate 
influenced or accentuated by the catalytic effect of their mineral 
components. The influence of catalysts on the spontaneous com- 
bustion and particularly on the carbonisation of coal was discussed 
at length in the William Young Memorial Lecture of 1914 (Lessing, 
“Catalysis in the Oas Industry,” Trans. North Brit. Ass. of Gas 
Managers, 1914, 65; J. Gas lighting, 1914, 77, 570), and a good 
deal of evidence goes to show that the “ ash ” contents of coal play 
an important role in its thermal decomposition. By inference it may 
be assumed that the mineral contents of decaying vegetable matter, 
and adventitious inorganic material in contact therewith, have like- 
wise exerted an influence on the formation of coal or its constitu- 
ents. Experiments in connexion with an investigation of the coal- 
washing process, hitherto unpublished, have shown that the frac- 
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tjc?ns' separable from coal slack by washing differ Vastly, not only 
ju the amount, but in the nature of the mineral matter which they 
contain. It seemed, therefore, interesting and promising to study 
the ash contents of fusain, durain, elarain, and vitrain, particularly 

casual tests had shown that they differed considerably in appear- 
ance. For the purpose of this work Dr. Wheeler kindly supplied 
further large samples of the three substances which were required to 
make quantitative analyses possible. Durain and elarain were in 
pieces up to 30 mm. cube, vitrain in pieces of 5 — 10 mm. cube. 
Fusain was extracted from a large sample of the original coal which, 
like that used in the preceding research, came from the Thick Coal 
seam, Hamstead Colliery. 

Percentage of Ash . — In view of discrepancies between the preli- 
minary tests and some of Tideswell and Wheeler’s ash figures (parti- 
cularly for fusain and durain), and the probability that the inor- 
ganic constituents were not evenly distributed throughout the coal, 
the samples were not crushed and mixed as is usual in commercial 
analysis, but one or more individual pieces were ignited for each 
test. In table I the results obtained from the original samples 
(1 gram) and those of the bulk samples are given, together with the 
weight of sample used for individual tests. 


Table I. 


Fusain. 


Durain. 


Clarain. 


Vitrain. 


Fine ” sample 


Bulk sample. 


Sample. Ash. 

Sample. Ash. 

Sample. Ash. 

Sample. Ash. 

Per 


Per 


Per 


Perj 

Grams, cent. 

Grams. 

cent. 

Grams, cent. 

Grams. 

cent. 

j 1-0000 4-48 

1-0000 

4-94 

1-0000 

138 

1-0000 

1-16 

.0 

10000 

7-22 

1-0000 

1-58 

1-0000 

116 

. 5-9642 16-70 

10-4024 

5-68 

11-4416 

0 91 

7-1680 

1 07 

7-0522 14 66 

12-1436 

5-89 

10-3068 

113 

11-2622 

1-18 


11-9188 

7-15 

12-4234 

1-49 

11-1180 

1-10 




12-5904 

1-28 

10-0082 

0-98 




13-7908 

1-17 

10-0000 

1-22 




13-2226 

1-37 






12-2544 

1-22 






13-3457 

1-18 



13-0164 15-59 

34-4648 

6-26 

99-3757 

1-22 

49-5564 

1-11 


It will be noticed that the percentage of ash in clarain and vitrain 
is fairly constant, particularly when allowance is made for the 
enhanced experimental error in dealing with small percentages. The 
variation of the ash contents of durain is much more marked, 
although the percentage discrepancy to be calculated is not appre- 
ciably increased over that of clarain. Fusain, however, shows very 
considerable discrepancies between different samples. Apart from 
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the results from fusain given in table I, of which the " fine sample 
was used in the preceding research and the bulk sample in the 
following analyses, amongst some picked samples, one was found 
containing as much as 28'75 per cent, of ash. The cause of these 
discrepancies is discussed below. 

Appearance of Ash .— The ashes which were prepared by ignition 
of the samples in a muffle furnace on silica dishes at low temperature 
showed considerable difference in colour. The ash from fusain was 
dark brownish-grey, that from durain pure pale grey without the 
slightest brown tint, that from darain a reddish-brown biscuit, and 
that from vitrain a pale biscuit colour. The large lumps were 
ignited uncrushed, and in the course of burning off produced lamina- 

Table II. 


Fusain. 



Soluble 
in water. 
Per cent. 
Nil 

Soluble 
in HC1. 

Per cent. 

0-78 

Insoluble 
in HQ. 
Per cent. 
8-06 

Total. 
Per cent. 
8-84 





[ 8-66 





1 337 





) 0-51 

Tif) 3 

! 



l 0-04 

CnC ) 

1003 

46-64 

0-33 

37-00 


0-41 

0-89* 

Nil 

1-30 

Nr.O 


2-69 

— 

3-24 


014 

0-03 

— 

0-67 

so 3 

4-71 

917 

0-77 

14-65 




— 

— 

— 


0-53 

2-45 (dill.) 

— 

2-98 






Total 

16-66 

71 38 

13-22 

101-26 

Total by direct 

weighing 16-07 

71-38 

12-05 

100-00 


Durain. 



Soluble 

Soluble 

Insoluble 



in water. 

in HC1. 

in Ha 

Total. 


Per cent. 

Per cent. 

Per cent. Per cent. 

Si0 2 

Trace 

1-46 

40-08 

50-54 

ai 3 o 3 , 

• 



,42-34 

J’CjOj 

MnO 

.- Traco 

UM J4 

24-20 -j 

1-36 

Nil 

TiO, 

) 



[ 0-44 

CaO’ 

1-47 

1-85 

0-37 

3-69 

MgO 

Na 2 0 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

KjO 

Nil 

Nil 

— • 

Nil 

SO a 

2-10 

0-98 

0 15 

3-23 

p 2 6. 



— 

— 

— 







— 

Total 

3*57 

24-23 

73-80 

101-60 

Total by direct 

weighing 3-48 

23-81 

72-71 

100-90 
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Table II (continued). 
Clarain. 


SiO, 

A1,0, 

1'ejO, 

MnO 

TiO, 

CaO 

MgO 

Na,0 
K,0 
SOj ••• 

r.o, 


Total 

Total by direct weighing .. 


SiO, 

A1,0, 

Fe,0, 

MnO 

TiO, 

CaO 

MgO 

.WO 

K,0 

SO, 

P,Oi 

CO. 


Total 


Soluble 

Soluble 

Insoluble 


in water. 

in HC1. 

in HC1. 

Total. 

Per cent. 

Per cent. 

Per cent. Per cent. 

012 

0-96 

8-36 

9-44 . 

1 


1 

16-58 

y o io 

12-66 

7-86 j 

3-31 

0-23 

1 



0-50 

10-50 

1-94 

0-54 

12-98 

9-20 

1-32 

Nil 

10-52 

13-76 

1-95 

— 

15-71 

Nil 

Nil 

— 

— 

31-73 

0-45 

— 

32-18 

Nil 

0-01 

Nil 

0-01 

65-41 

19-29 

16-76 

101-46 

65-24 

17-86 

16-90 

100-00 

V it rain. 




Soluble 

Soluble 

Insoluble 


in water. 

in HC1. 

in HC1. 

Total. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

. Trace 

0-76 

5 32 

6-08 

• | 



f 15-49 

' - 3-11 

13-44 

2-40 

1 3-09 
| 013 




i 0-24 

. 12-42 

2-46 

0-34 

15-22 

104 

0-83 

Nil 

1-87 

. 16-12 

1-55 

— 

17-67 

0-20 

Nil 

— 

0-20 

. 28-62 

1-49 

0-78 

30-89 

— 

— . 

— 

Trace 

6-69 

— 

— 

6-69 

. 08-20 

20-53 

8-84 

97-57 

. 09-52 

20-46 

10-02 

100-00 


tion, which it is suggested occurs parallel to the bedding plane of 
the coal. Clarain ash invariably contained intrusions of grey plates, 
indicating the presence of durain (or possibly fusain particles, this 
yielding a similar but darker grey ash). Yitrain ash contained also 
occasionally grey lamina; and some red, ferruginous specks. These 
foreign particles were picked out and rejected for analysis. 

Analysis of Ash . — In view of the limited supply aud the small ash 
content of the specimens, the complete analysis of the ashes pre- 
sented considerable difficulties, as each had to be carried out on 
55 gram. In the case of durain and clarain analyses could be 
repeated, but this was not possible in the case of villain. However, 
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it was considered advisable to record the figures as obtained, as they 
typify in their main aspect the character of the mineral constituents 
of vitrain and distinguish it clearly from durain, whilst showing 
considerable similarity with elarain. 

The ashes were first separated into fractions soluble in water 
soluble in hydrochloric acid and insoluble in hydrochloric acid. Th e 
water-soluble and hydrochloric acid-insoluble fractions were weighs 
after evaporation and drying. The hydrochloric add-soluble por- 
tions could not be weighed directly on account of the formation ot 
chlorides of the alkalis and alkaline earths, and were determined l )v 
difference. Each of the fractions was analysed separately, but the 
ammonia precipitates (oxides) of all three had to be combined. 

The results are recorded in table II, and show very considerable 
differences between the four ashes. This is apparent both from tie 
actual composition and the ratios of portions soluble and insoluble 
iu water and acid. 

Fumin . — The most striking feature of fusain ash is its high per- 
centage of lime, amounting to 57'00 per cent, This is responsible 
for the high amount of soluble matter in this ash. Much of this 
lime is present as calcium oxide, and the ratio of the amount soluble 
in water and in acid is probably variable according to the amount 
of water used for extraction'. The aqueous solution attracts carbon 
dioxide from the air, for which allowance has been made iu the 
analysis. The actual free alkalinity corresponds with 6'7 per cent, 
of calcium oxide, the balance of which is present as calcium sulphate. 
Some sulphur may have been introduced in these analyses from the 
gas used for ashing the samples and in heating the alkali fusion of 
the insoluble portion. 

Durain .— Nearly three-quarters of durain ash is insoluble in 
water or acid. The water-soluble portion amounts only to 3'5 per 
cent., which consists of calcium sulphate. The bulk of this ash con- 
sists of an aluminium silicate of the approximate composition of 
clay substance. The complete absence of manganese, magnesia, and 
alkalis calls for comment. The water extract of durain ash has a 
neutral reaction. 

Clarain . — The soluble portion of elarain ash is almost as high as 
that of vitrain ash. It differs, however, from the latter in its lower 
percentage of lime. It is the only ash containing considerable 
amounts of magnesia, which is worthy of note in view of the import- 
ance of magnesium as a vital constituent of chlorophyll. It is also 
fairly high, in soda, but contains no trace of potash. Iron is present 
in a sufficient quantity to account for the biscuit colour. Clarain 
ash has an alkaline reaction, and its alkalinity corresponds with 
5'41 per cent, of sodium carbonate. 
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litrani, — Vitrain ash is somewhat similar to clarain ash, hut 
shows some distinct differences. It contains the lowest percentage 
of insoluble matter as well as the lowest amount of silica of all four 
ashes. A distinct difference from clarain is the low magnesia figure. 
Practically all the lime is present as sulphate; soda is high, and 
part of it is present as sulphate, another part as carbonate. The 
high percentage of water soluble substances accounts for a tendency 
of some particles to melt at the temperature of ignition. The small 
amount of matter insoluble in acid is in accordance with the 
absence of debris from this ingredient observed by Stopes, and with 
its probable colloidal nature. The alkalinity of vitrain ash corre- 
sponds with 5'19 per cent, of sodium carbonate. 

Discussion of Results. 

The fact that different portions of one and the same lump of coal 
contain different amounts of mineral matter is obvious and well 
known to all who have to deal with the analysis of coal, ever since 
da Marsilly (Compt. rend., 1848, 46, 882) observed “ that however 
pure a piece of coal may be, and however homogeneous it may appear 
to tho eye, its different parts do not yield the same proportions of 
fixed residue on incineration.” Many thousands of analyses of the 
ash of different portions of a coal-seam must have been made from 
time lo time for commercial purposes, the results of which have not 
been published. There are, however, on record comparatively few 
analyses of the ash of clearly defined constituents of coal, such as the 
composition of the ash of " mineral charcoal ” (fus&in) from Better 
Bed and Haigh Moor reported by Thorpe (“ Coal, its History and 
Uses,” 1878). 

The separation by Stopes of four distinct ingredients from bitu- 
minous coal made it possible to inquire more closely into their 
mineral constituents. Kendall pointed out- (Rep. Brit. .Issue., New- 
castle, 1916, 395) that there are three sources of mineral matter in 
coal, the mode of distribution of which is of great economic conse- 
quence, some being separable and others not, namely: (1) The 
residue of the mineral constituents of the plants composing the coal; 
(2) detrital matter blown or washed into the deposit; (3) the calcite, 
iron pyrites, etc., segregated as veins in the seams. 

In amplification of this statement Stopes and Wheeler (“ Mono- 
graph on the Constituents of Coal,” 1918) discuss the probability 
that part of the inherent ash in plants may be lost in the process 
of coal formation, a fact which renders the problem of identification 
of individual coal constituents still more complex. 

In view of the small amounts of material handled in this research, 

VOL, cxvn. 
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and the complex analytical procedure followed, it is somewhat 
speculative to form definite conclusions a9 to the relation which the 
elements in these ashes have to each other, and still more so as t 0 
the combination in which they occur in the original coal before 
incineration. 

It seems quite inadmissible to go yet further and postulate on the 
relationship of the ashes to the mineral constituents in the plants 
from which the coal has been formed. Any suggestions of a theo- 
retical nature in this state of ignorance must, therefore, be regarded 
as tentative and require further proof by the analysis of ashes from 
a great variety of coals and their components, instead of relying on 
the present results obtained from one particular coal. 

Moreover, the ashes, even after " hand picking '' of particles 
obviously belonging to one of the other groups, were by no means 
homogeneous mixtures, but specks of white and reddish-brown sub- 
stances could be easily discerned in the biscuit coloured or grey 
bulk. They no doubt represent the ash of individual plant frag, 
incuts or mineral intrusions (lime, pyrites) in the coal substance. 

The results are, however, cousidered definite enough to indicate 
the following suggestions: 

Fusain . — The large proportion of lime and soluble matter makes 
it highly probable that the hulk of this ash is due to infiltration of 
lime salts, most likely in the form of calcium hydrogen carbonate, 
and that this is present in the fusain as calcium carbonate, more or 
less evenly distributed throughout the porous substance of this 
“ mineral charcoal.'' Such infiltration would explain the discrep- 
ancy of ash percentage observed in various samples of fusain. The 
infiltration theory finds support by some experiments on the direct 
extraction with hydrochloric acid of fusain before incineration. 
Three samples were used, one of then: being identical with the 
" fine " sample of table I, another being similar to the bulk sample, 
and a third consisting of a lump of fusain about 20 mm. long by 
10 mm. thick. On warming these samples with the acid, a copious 
liberation of carbon dioxide took place. The following percentage 
figures were obtained : 


Total ash 

Extracted by hydrochloric acid from 

coal 

Extracted by hydrochloric acid from 

remaining ash 

Insoluble 


(1-) 

(^■) 

(3.) 

4-48 

13-30 

28-75 

10-96 

47-07 

40-70 of ash. 

13-08 

20-83 

14-09 „ 

66-96 

32-10 

45-21 „ 


The differences in solubility are no doubt due to the presence of 
varying proportions of pyrites which may or may not be similarly 
caused by infiltration. 
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The presence of large amounts of calcium carbonate in fusain 
suggests comparison with the composition of the petrifactions known 
as “Coal Balls ” (Stopes and Watson, Phil. Trans., 1908, [ZiJ, 200, 
167). These, however, always contain about 10 per cent, of mag- 
nesia, whilst this is present to a small extent only in fusain ash. 

It is also worthy of note that the thin veins of white mineral found 
along the cleavage planes contain from 40 to 4b per cent, of calcium 
carbonate. This further supports the view that infiltration of 
calcium .salts has taken place at one period of the formation of the 
coal seam through cracks or hetween the stratified layers and into 
Ihe very porous structure of the fusain particles. 

Du rain . — The composition of duiain is comparatively simple, since 
many of the minor constituents are entirely absent and others only 
small in quantity. It consists to the extent of 93 per cent, of 
alumina and silica. The presence of a large percentage of alumina 
in the ash from plants or plant products suggests at once the 
presence of, or origin from, lycopods, which are characterised by a 
high aluminium content. This important property of lycopodia was 
shown by Aderholt (Annalen, 1859, 82, 111), Ritthausen (J. pr. 
I'lirm., 1853, 58, 134), Church (Chan. .Yews, 1874, 30, 137), and 
more recently by a comparative study of many other species by 
Kratzinann ( iSitzumjsber . K. .1 Dad U'/m. i I ten, 1913, 122, 311). 

Since the lycopods are regarded as largely forming the bulk of the 
coal measures, the high alumina percentage in duraiu would be in 
accordance with palsobotanical and other evidence. 

However, the absence of alkalis, magnesia, and tile low lime 
figure call for caution. Moreover, it so happens that the ratio of 
alumina and silica is practically identical with that obtaining in 
“clay substance’’ (kaolinite, AL0j,2Si0 5 .2H 2 0). The colour of 
fusain ash is a pure grey and almost white, thus proving the free- 
dom from the colour giving constituents which one would expect in 
the ash from plant fragments, but their absence may be due to their 
removal from the original plant substance during the course of coal 
formation. It was. therefore, considered useful to compare the 
ratio A1.,0 3 : SiO., in lycopodia amongst themselves and with that 
obtaining in coal constituents and " elav substance." The values on 
p. 264 were obtained. 

Whilst one might suspect that the mineral constituents in present- 
day plants differ from those grown in a palajozoic climate and 
habitat, this A1.,0 3 : SiO, ratio indicates that- the fusain and duraiu 
are in an entirely different class from the clarain and vitraiu. The 
latter gave a ratio which is quite comparable with that of the ash 
of lycopodia, but tile ratio in the former differs very considerably. 
It is so close to the ratio in “ clay substance that one is forced to 

l 2 
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L. chamaceypar, with spores (Adcrholt) ... 
„ without spores (Aderholt) 

L. cluvatum (Aderholt) 

„ (Ritthausen) 

„ (Church) 

L. complanatum (Ritthausen) 

L. (Hpinum (Church) 

L. selago (Church) 

Average ratio 

“ Mineral charcoal ” — 

“ Better Bed ” (Thorpe) 

“ Haigh Moor ” (Thorpe) 

Fusain (Lessing) 

Durain „ 

Clarain 

Vitrain „ 

Kaolinito (calcined) (Theory) 


Percentage in ash. 


, 

-A 

AljOg. 

A1 2 0 3 . 

SiO s . 

Si0 2 . 

51-85 

1300 

3-81 

57-36 

12-96 

4-43 

26-65 

13-94 

1-91 

30-07 

18-82 

2-11 

22-20 

13-01 

1-71 

15-24 

6-40 

2-38 

37-87 

10-06 

3-76 

33-50 

10-24 

3-27 

7-29 

2-53 

2-88 

2-92 


33-8 

38-7 

0-87 

28-7 

36-1 

0-80 

8-66 

8-84 

0-98 

42-34 

50-54 

0-84 

16-58 

9-44 

l-7(i 

15-49 

6-08 

2-55 

45-87 

54-13 

O' 85 


assume the presence of clay or a silicate of the same composition in 
durain and fusain. Whether this silicate was deposited in the plant 
or was produced like clay from rocks during the formation of the 
coal is impossible to say. The observation by Stopes that the mass 
of plant fragments in durain consists of spores embedded in a matrix 
of granular material makes it not impossible that the silica may be 
derived from earthy matter with which the spores originally became 
contaminated. 

Clarain and Vitrain . — The composition of the ashes of these two 
substances make it very probable that they represent mainly the 
remainder of the original plant ashes. Both contain considerable 
quantities of alkali, are high in sulphur (which is largely due to 
the retention of organic sulphur by the alkali), and have a fairly 
uniform percentage of total ash. The alumina in both suggests their 
derivation from lycopodia, and, as appears from the above, the 
A1 2 0 3 : SiO., ratio agrees quite well with that found in some of the 
existing species. Moreover, the bulk of the alumina in clarain and 
even more so in vitrain is soluble in acid in contradistinction from 
the alumina in durain, of which the greater portion is insoluble in 
acid. 

The two ashes are very similar save in one respect, namely, the 
magnesia content. Clarain contains a3 much as 10* 52 per cent, of 
magnesia, as against l - 87 per cent, in vitrain and a similar amount 
in fusain. Whilst no direct inference can be drawn from this fact, 
the magnesia suggests the presence of degradation products of leat 
substance containing chlorophyll in clarain. Stopes (Prnr. Roy- 
Soc. } 1919, [li\, 90, 480) found that the clarain is the portion 
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most interesting to the palacobotanisfc, for in it lies the greatest 
variety of recognisable plant tissues anti structures. There may be 
in it clear bands and zones showing each disintegrated plant sub- 
stance, also bands of clear cuticle, spore exines, resin bodies and 
other structures, and among this variety of material plant stem 
tissues, leaf-tissues and so on may be preserved and may even fill 
the whole area of sections. 1 ' 

The proved presence of leaf-tissues in clarain and of magnesia 
in its ash may be a mere coincidence. Indeed, it is somewhat diffi- 
cult to account for the quantities found. According to Willstatter, 
green leaves contain on an average 0'8 per cent, of chlorophyll, 
which in its turn yields 4'5 per cent, of pure magnesia on incinera- 
tion. The magnesia may rise to 8 per cent, in setiophyllin. Even 
allowing for a considerable concentration of magnesia during the 
process of coal formation, these amounts are scarcely large enough 
to account for the percentage found without resorting to speculation 
on a higher chlorophyll and magnesia content in paleozoic plants 
or on an accumulation of mavnesia from successive generations of 
leaves. It is, however, considered worth while to draw attention to 
this peculiar distinction of clarain from the other constituents. 

Conclusion. 

The results obtained from this research can onlv be considered 
as of a preliminary nature, and are recorded mainly in order to 
stimulate research in this direction, which can only he successful if 
a great variety of coals are investigated by “rational” analysis. 
Refining of coal by washing is still in a crude stage on account of 
lack of knowledge of the distribution of the ash. Evidence exists 
that differences in the amount and composition of inorganic con- 
stituents in coal can direct the course of its thermal and probably 
spontaneous decomposition. Tt is further likely that the course of 
formation of coal and its main constituents has been similarly influ- 
enced by plant debris and adventitious impurities. More detailed 
knowledge of the mineral constituents in coal is, therefore, required, 
both from the theoretical and technical point of view. 

In conclusion, I wish to express mv thanks to Dr. Marie C. Stopcs 
and Dr. R. V. Wheeler, who laboriously prepared most of the 
samples for me, and who assisted the investigations with much 
suggestive criticism, and to Mr. A. IT. Raine, who has carried out 
the experimental work for this am! the preceding paper. 

The Laboratory, 

Southampton Hove, 

317, Htgh Holborn, W.C. 1. [Received, January 3rd, 1920.] 
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XXXII.— l-Hexylsuccinic Acid. 

By Henry Wren and Henry Burns. 

The interesting observations which had been made during the 
investigation of the racemisation of the optically active phenyl, 
succinic acids and their derivatives (Wren and Williams, T., 1916, 
109, 572; Wren, T., 1918, 113, 210) appeared to render it desir- 
able to examine the behaviour of a similar compound in which the 
phenyl group was displaced by an alkyl radicle of approximately 
the same weight. This was more particularly the case since, 
although a general survey of the literature would lead to the con- 
clusion that the presence of a phenyl group directly united to the 
asymmetric carbon atom of a raeemisable compound renders the 
substance more prone to racemisation than does a similarly placed 
alkyl group, a precise comparison of the effect under similar con- 
ditions does not appear to have been made. For this purpose, 
hexylsuccinic acid was selected. Circumstances have combined, 
however, to prevent the work being carried to completion, ami as 
its continuation must he postponed for some considerable time, it 
was considered desirable to give the present short account of the 
resolution of the racemic acid and of the properties of 7-hexyl- 
succinic acid. 

Experimental. 

r-Hexylsuccinie acid (28 grams ; prepared according to the direc- 
tions of Higson and Thorpe, T., 1906. 89, 1469) and quinine (521 
grams) were dissolved by gentle, warming in ethyl alcohol (560 c.c.). 
Tufts of small needles slowly separated from the solution at the 
ordinary temperature, which, when air-dried, weighed 44 grams, 
The salt was purified by repeated crystallisation from alcohol, 
20 c.c. of the solvent being used for each gram of material. The 
course of the resolution was followed by determining the specific 
rotation of the acid recovered from the successive filtrates, the 
observations being made in ethyl-alcoholic solution. In this 
manner, the following values were found: + 12'97°, + ? 5 '‘ 1 
-2-44°, -8-7°, — 13-7°, -17-3°, -20-2°, -226°, and -23-6. 
The crop which had separated from the, final mother liquor weighed 
6’8 grams, and, on decomposition with dilute sulphuric acid am 
extraction with ether, gave 2-4 grams of Miexylsuccinic acid, which 
melted at 81—83° and had [o]„ -26-0° in alcohol. It was finally 
purified by crystallisation from water containing 10 per cent, o 
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alcohol until the specific rotation of successive crops remained 
constant. 

VTlexylsuccinic acid separates from water or very dilute alcohol 
as a granular powder; it is freely soluble in the hot solvent, 
sparingly so in the cold, the solutions, however, showing a very 

pronounced tendency to supersaturation. It melts at 82 83° 

whilst the racemic acid melts at 87° : 

01302 gave 0-2840 C0 2 and 0 1035 H„0. C = 59 5 ; H = 8'8. 
c u>ftis °4 requires C=59'4 ; H=8-9 per cent. 

The specific rotation was determined in the following solvents : 

In ethyl-alcoholic solution : 

1= 2, e=4 0025, <• -2-13°, [a]”'’ -26 6°. 

In acetone solution : 

1=2, c=l-4875, o n - 0-98°, [a]^ - 32 9°. 

In benzene solution : 

1 = 2, <5=1-8775, « n +0-02°, [a]„ +0-5°. 

Attempts to resolve r-hexylsurcinic acid by brucine or morphine 
in aqueous or alcoholic solution, or by strychnine in ethyl-alcoholic 
solution, were unsuccessful. 


Behaviour of the Active Tl rryUnrciric A ride towards AU-ali. 

Separate portions of the pure 1-acid were heated under reflux on 
the water-bath with aqueous and aqueous-alcoholic (containing 
10 per cent, of water) sodium hydroxide solution (1'183.V ; 20 c.e.) 
during five hours. The recovered acids had [»]„ -26-42° and 
- 25'5°, respectively, in ethvl-alcoholic solution; raoemisation, 
therefore, did not occur in aqueous, and to only a very slight extent 
in alcoholic, solution, the slightly more marked effect of the latter 
reagent being in accordance with the recent observations of 
McKenzie and Wren (T., 1919, 115, 609) on the behaviour of 
1-mandelic acid under similar conditions. 

d-Hexylsuccinio acid is markedly more stable under the com- 
bined influence of relatively high temperature and alkali hydroxide 
than is d-phenylsuccinic acid (Wren and Williams, lor. fit .). Thus, 
in an attempt to utilise some crude active acids, a specimen having 
[a] n q- 13'0° was heated with an excess of sodium hydroxide solu- 
tion during five hours at 160° ; the recovered acid had [a],, +10-43°, 
showing that raeemisation had occurred to a comparatively slight 
extent, whilst under similar conditions, but. with only two hours’ 
heating, d-phenylsuecinic acid was almost, completely raceinised. 



2fiR 


FIRTH : SURFACE TENSION OF 


The authors desire to express their thanks to the Research Fund 
Committee of the Royal Society for a grant which has defrayed 
part of the cost of the investigation. 


Pote and Applied Chemistry Department, 
Municipal Technical Institute, 
Belpast. 


[Received, January Uh, 1920.1 


XXXIII . — Surface Tension of Mixtures of Water and, 
Alcohol. 

By James Brierley Firth. 

A method was required for conveniently determining small changes 
in concentration of the binary mixture, alcohol and water. 

It appeared that a determination of the drop-number-coneentva- 
tion curve would provide a suitable method for this purpose, and it 
was with this object that the following experiments were carried 
out. 

The utilisation of the drop- number-concentration curve as a 
means of analysis has been used successfully by Ponnan and Barker 
(/'roc. Bo//. Soc., 1911, [.4], 85 , 557) and Lewis (Phil. Mag., 1908, 
[vi], 15 , 499) for determining changes in concentration of dilute 
solutions. 

The theory of the drop pipette is that for a given size of opening 
the surface tension is directly proportional to the weight of the, 
drop, and hence it may he used for determining relative surface 
tensions of solutions of different concentrations. 

If V — total volume of the liquid used, 
n = total number of drops formed, 

V 

then the volume of each drop = • 

If p is the density of the liquid, then the weight of each 

drop= J- 


< t, the surface tension 
therefore <r 

Similarly for another liquid : 


is proportional to the weight of the drop; 

V P 

a ~ K n 


ppi 

K 1 

n. 



MIXTURES OF WATER AX DH ALCOHOL. 


269 


thereiora 


<* _ K iP 

O-J »Pi’ 


The principle assumes a static equilibrium, which is not correct, 
since the phenomenon is really dynamic, and in order to give an 
absolute measure of surface tension a small correction would bo 
necessary (Guye and Pcrrot, Arch. Sri. phys. nut., 1901, [ivl, 11 , 
225; 1903, [iv], 15 , 132; Chim. physique, 1917, 15 , 164). This 
correction in utilising the drop-number-concentratiou curve as 
a means of analysis is unnecessary. 

The drop-number for a constant volume-will vary with the speed 
of dropping, since it takes an appreciable time for the freshly 
formed surface to attain equilibrium. It is essential, therefore, 
that the drops should form slowly, and that the rate of formation 
should remain as constant as possible throughout the series. 

Duclaux (Ann. Chim. Flips., 1373, [v], 13 , 76) determined the 
surface tension of mixtures of alcohol and fatty acids with water 
by means of the drop-pipette, and showed that the surface-tension- 
concentration curve takes the form of a hyperbola, and the surface 
tension may be calculated from the equation : 

ct=k(c i — 1), 

where a - surface tension, and ,r is the percentage concentration by 
weight. 

Experimental. 


The alcohol was dried over quicklime and distilled off, then dried 
with metallic calcium, and finally distilled, the first and last 
runnings being rejected. 

The apparatus was similar to that used by Donnan and Barker 
(loe. cit.), the dropping lip being 3 5 mm. in diameter. 

Tlie experiments were carried out in an electrically-heated 
thermostat at 25°, and the rate of dropping was adjusted as near as 
possible to nine drops per minute. 

The drop numbers of mixtures of alcohol and water were deter- 
mined for mixtures containing from 2 to 96'5 per cent of water by 
volume. The drop numbers are the same concentration agreed to 
1 in 500 drops. 

Results. 


The following table gives the measurements of drop numbers and 
surface tension, the surface tension being calculated from the 
equation : 


L' 
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The surface tension for water at 25° was taken as 71*78 dyn&s 
per cm. 

Table I. 


Percentage 



Percentage 



concentra- 


Surface 

concentra- 


Surface 

tion of 


tension 

tion of 


tension 

water by 

Drop 

in 

water by 

Drop 

in 

volume. 

number. 

dynes /cm. 

volume. 

number. 

dynes /cm. 

0 

1826 

21-30 

60 

1480 

31-88 

2 

1710 

23-13 

67-3 

1395 

34-24 

5 

1708 

23-73 

75 

1285 

37-50 

10 

1714 

24-14 

84 

1170 

41-30 

25 

1690 

25-76 

89-2 

1090 

44-91 

36-5 

1675 

26-83 

96-5 

854 

57-72 

50 

1613 

28-74 

100 

690 

71-78 

The surface-tension-concentration curve is 

shown in 

the figure 


The general results for binary mixtures have already been pub 
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lished by various authors (compare Worley, T., 1914, 105, 260, 
273), but as several important features have been revealed by the 
experiments it was thought desirable to record them. 

There is a sudden fall in drop-number for 2 per cent, of water, 
then a further increase in the percentage of water up to 50 pro- 
duces only a small change in drop-number ; in fact, from 2 to 10 per 
cent, of water the drop-number is nearly constant. As the per- 
centage of water increases beyond 50 the drop-number falls more 
rapidly with increased water content. 

The results for the change in surface tension with concentration 
give a hyperbolic curve until a concentration of about 4 per ceut. 
of water is reached, when the surface tension rapidly diminishes 
with diminution of water content. 

It is interesting to note that the inflexion in the curve occurs at 
the point which practically corresponds with the concentration 
(4 4 per cent, of water) given by Young aud Fortey (T., 1902, 81, 
717) for a mixture of minimum boiling point. 

The utility of the drop-number-concentration curve as a means 
of analysis varies with the range over which analysis is required. 

Where the water content is more than 50 per cent, the curve 
may be used to give a fairly accurate analysis, but for concentra- 
tions below trhis the change in drop-number with concentration is 
not sufficiently great to give trustworthy results, whereas with the 
apparatus employed differences in concentration between 2 and 
10 per cent, of water could not be detected with any degree of 
certainty. 

The Chemical Department, 

University College, 

Nottingham. [Received, February 10th, 1920.3 


XXXIV. — &P' -Dichlorocthyl Sulphide. 

By Charles Stanley Gibson and William .Taokson Pope. 

Ik the late autumn of 1917 we were requested by the Chemical 
M arfare Department to study the preparation of fJB' diciiloroethyl 
sulphide, (CH..CKTt,),S. ami in this connexion we thought it 
desirable to investigate carefully the interactions of ethylene and 
the two chloridea of sulphur. For obvious reasons, the results of 
this work remained unpublished, hut as these reasons no longer 
exist, such of the information obtained as is of scientific interest 

L* 2 
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is now communicated. Since a number of workers in different 
countries were occupied with similar investigations, and their 
results, as reported, were often available for our information, we 
deal in the present paper only with our own work, and give the 
dates of the reports in which our results were communicated to 
the Government Department. 


Interaction of Ethylene and Sulphur Dichloride. 

The interaction of ethylene and sulphur dichloride was investi- 
gated by Guthrie some sixty years ago (Quart. Journ. Chem. Soc. 
1860, 12, 116). He obtained a liquid product which possessed a 
vesicant action, and was doubtless a highly impure i6j3'-dichloro- 
ethyl sulphide; this observation was shortly afterwards confirmed 
by Niemann (Annalen, 1860, 116, 288). 

As the result of a number of preliminary experiments, we decided 
on the following as the most satisfactory method for preparing 
/Hfl'-dichloroethyl sulphide by the direct addition of ethylene to 
sulphur dichloride, in accordance with the following equation: 

2CII,:CH, + SCU = (CH,C1-CH ; )„S. 

Sulphur dichloride (50 grams), of the correct composition, free 
from iron and showing the specific gravity of 1'6227 at 17°, is 
introduced into a set of glass bulbs which can he rapidly shaken 
by mechanical means; a small quantity (0-5 gram) of finely 
powdered, highly absorbent charcoal which has been well dried by 
heating in a current of hydrogen is suspended in the sulphur 
dichloride. Ethylene, prepared by the action of ethyl alcohol 
vapour on heated phosphoric acid, as described by Newth (T., 1901, 
79, 915), is freed from alcohol vapour by prolonged contact with 
water in a gasometer, and, after well drying by calcium chloride, 
is passed through the agitated sulphur dichloride, maintained at 
40° to 45°, at such a rate that some escapes unabsorbed. 

The ethylene is rapidly absorbed from the commencement, and 
the absorption ceases fairly suddenly when the reaction ends; 
owing to the volatility of sulphur dichloride, much of the latter is 
carried away by the excess of ethylene, and, in consequence, the 
quantity of ethylene absorbed is less than that indicated hy the 
equation given above. The reaction proceeds similarly in the 
absence of charcoal, with the difference that absorption occurs much 
less rapidly in the latter stages and a smaller yield results. The 
temperature need not be rigidly limited; the reaction may be per 
formed throughout at 50°, or may be started in the cold and 
allowed to warm up spontaneously or by externally applied heat 
to about 50°, but above this temperature unsatisfactory results are 
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obtained- Dilution of the sulphur dichloride with carbon tetra- 
chloride has little effect on the yield or the purity of the product. 

The liquid in the bulbs, which is of a straw yellow colour, is now 
fractionally distilled under diminished pressure, and a fraction, 
boiling at 134 — 137°/50 mm., is collected; this crystallises on cool- 
ing and melts at from 5° to 9°. This product is about 50 per cent, 
by weight of the sulphur dichloride treated, and contains approxim- 
ately 90 per cent, by weight of 00' dichloroethyl sulphide. On 
oxidation with nitric acid, it gives 00' -dichloroethyl sulphoride, 
described below. 

The above method for preparing )3/3'-dichloroethyl sulphide was 
described in a report to the Chemical Warfare Department dated 
January 16th, 1918; it gives a better yield and is more expeditious 
than the method devised hy V. Meyer (Ber., 1886, 19, 3260) and 
perfected hy Clarke (T., 1912, 101, 1583). which consists in con- 
verting (a) ethylene into ethylene chlorohydrin. (!>) the latter into 
thiodiglycol by treatment with sodium sulphide, and (c) thiodi- 
glycol into ^'-dichloroethyl sulphide, by the action of hydrogen 
chloride. At the same, time, the sulphur dichloride method is 
difficult to control, because 0 $'- dichloroethyl sulphide is acted on 
rapidly by sulphur dichloride; it is consequently necessary to work 
under such conditions that little or no sulphur dichloride remains 
long in contact with the ftSS'-dichloroethyl sulphide produced. 


Interaction' of Ethylene and Sulphur Monochloride . 

On treating sulphur monochloride with ethylene at 100° and 
subjecting the liquid product to an elaborate, method of purifi- 
cation, Guthrie (Quart. Jmirn. Chem. Soc.. 18G1, 13, 134) obtained 
a substance of slightly vesicant properties, to which he assigned 
the composition C 4 H g Cl,R_.. Spring and Lecrenier (Bull. Soc. 
chm., 1887, [ii], 48, 629) showed that on oxidation with nitric 
acid this product yields /3-cliloroethylsulphonic acid, which is con- 
vertible into taurine, ,-80 3 H ; the same fl-chloroethyl- 

sulphonic acid was obtained hy James (T., 1879, 35, 806; 1885, 
47, 365) hy the oxidation of fl-chloroethyl thiocyanate. It is thus 
proved that Guthrie’s compound is a disulphide of the constitution 
CHjQ-CIIyS-S-CHyCHjCl. During the course of a recent dis- 
cussion concerning the reaction between ethvlene and sulphur mono- 
chloride (J. Soc. Chan. Ind.. 1919, 38. 24St, 344r, 363r, 432k, 
and 469r), A, G. Green has contended that the interaction of 
ethylene and sulphur monoehloride at 30° yields a product identical 
with that obtained by Guthrie at 100°, and suggests that this com- 
pound has the constitution (CH.,C1 , CH 5 ,).,S1S, but this formula is 
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the less probable in vie w of the experimental evidence adduced by 
Spring, Lecrenier, and James. On treating sulphur monochloride 
with ethylene at a variety of temperatures between 70° and the 
ordinary temperature, we have ourselves never obtained Guthrie's 
compound. 

An exploratory examination of the interaction of ethylene and 
sulphur monochloride showed us that /-^-dichloroethyl sulphide is 
formed at all temperatures between the ordinary room temperature 
and about 70°. The following method was adopted as the best 
and most expeditious for the laboratory preparation of |8j8'-dichloro- 
ethyl sulphide. 

Sulphur monochloride was purified by repeated distillation with 
small additions of sulphur from glass vessels; in order to ensure 
the absence of the dichloride, 2-5 per cent, of sulphur was dis- 
solved in the purified product, which then had a density of 1-6862 
at 14'5° and boiled at 136*5 — 137*5°/760 mm. About 5 per cent, 
by weight of £$ ; -dichloroethyl sulphide is added to the sulphur 
monochloride, which is then heated to 55° in the absorption bulbs 
and vigorously agitated while a rapid stream of ethylene, well dried 
by calcium chloride, is passed through the liquid. During the 
passage of the ethylene, heat is evolved, and the temperature should 
be maintained at 60° by cooling and heating when necessary; 
absorption begins immediately, and very quickly attains a uniform 
rate, stopping almost abruptly when two molecular proportions of 
ethylene have been absorbed by each one of sulphur monochloride 
present. Towards the latter part of the reaction, the liquid 
becomes turbid, owing to separation of sulphur in a viscous form, 
and when reaction is complete it. is convenient- to heat to 100° to 
produce a homogeneous solution, which can be readily poured out 
from the bulbs. On cooling the straw-coloured liquid, a copious 
deposit of crystalline sulphur separates; the crystallisation is 
facilitated by seeding. After remaining for some time in the cold, 
an almost colourless liquid may be decanted fairly completely from 
the compact, crystalline sulphur; this liquid crystallises on cooling 
and melts at 9 — 11°. By distillation under diminished pressure, 
the liquid is found to consist of practically pure jBjB'-dichloroethyl 
sulphide containing about 3 per cent, of sulphur in solution. On 
distilling the hot liquid, before separation of the sulphur, under 
diminished pressure, /B^'-dichloroethyl sulphide alone passes over, 
and, after sweeping residual vapour out of the distilling flask by a 
current of dry air, practically pure sulphur remains. 

On cooling in ice-water, the distillate solidifies to a mass o! 
colourless needles resembling glacial acetic acid in appearance, and 
melts, in general, at 12 -12*5°; by repeated freezing, draining off 
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the residual liquid, melting, and again freezing, a product melting 
at 13 — 13'5° is obtained. This represents pure 0j3'-dichloroetliyl 
sulphide, and was analysed, with the following results: 

0-2616 gave 0’4725 AgCl. Cl=44'7. 

0-2587 „ 0-3862 BaS0 4 . S=20-5. 

CjHgCLjS requires Cl — 44-6 ; S — 20 2 per cent. 

During the course of a large number of preparations, carried 
out in general accordance with the conditions described above at 
temperatures between 20° and 70°, on quantities of about 40 grams 
of sulphur monochloride, it was established that the yield of pure 
(ijS'-dichloroethyl sulphide varied between 90 and 98 per cent, of 
that theoretically possible from the sulphur chloride. The sulphur 
remaining after the distillation retained a mere trace of resinous 
matter, and no product other than fJ/l'-dicbloroethyl sulphide 
distils; it is therefore concluded that the reaction represented by 
the appended equation proceeds quantitatively : 

2CH,:CH, + S»C1, = (CH 2 C1-CH 2 ) 2 S + s. 

It should be observed that the reaction between ethylene and 
sulphur monochloride is accelerated by rise of temperature, absorp- 
tion being about three times as rapid at 60° as at 30°. Whilst no 
reaction other than that indicated by the above equation is appreci- 
able up to 60°, absorption commences normally at higher tempera- 
tures, 80° to 85°, but the liquid soon darkens and hydrogen chloride 
is evolved ; absorption then does not- proceed to the normal extent, 
and a very impure product is obtained. If the product of inter- 
action at 60° is not heated to 100° before separation of the sulphur, 
it is observed that the latter is deposited in a gummy condition 
on cooling, and that the crystallisation is incomplete. This reten- 
tion of the sulphur in some kind of " pseudo-solution " becomes 
more marked as the temperature of interaction is lowered. The 
flp'-dichloroethyl sulphide added to the sulphur monochloride 
before the reaction is started exercises some kind of catalytic 
influence in hastening the absorption ; in its absence, absorption 
commences very slowly, and only attains the normal rate gradu- 
ally, whilst with this initial addition absorption sets in immediately 
and proceeds at an appreciably uniform rate until the reaction is 
complete. After cessation of the absorption, no trace of sulphur 
monochloride can he detected in the product. 

The reaction between ethylene and sulphur monochloride at 60 
proceeds normally in the presence of metallic lead, but if metallic 
iron or an iron salt is present, the liquid darkens and hydrogen 
chloride is evolved; it is thus of importance to use sulphur chloride 
which is free from iron in order to avoid the well-known ehlorin- 
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ating action exercised by sulphur monochloride in the presence of 
iron salts. 

The method for the preparation of fSd'-dichloroethyl sulphide 
from sulphur monochloride described above was communicated to 
the Chemical Warfare Department in reports dated January 30th 
and February 14th, 1918. In accordance with an agreement con- 
corning the mutual exchange of information between the Allied 
Powers, these, together with the earlier report of January 16th, 
1918, were immediately communicated to France and America. 
The information thus rendered available, first, that Guthrie s reac- 
tion between ethylene a.id sulphur dichloride is capable of giving 
a satisfactory yield of d/J'-dichloroethyl sulphide, and, secondly, 
that a previously unsuspected reaction occurs between ethylene and 
sulphur monochloride, and results in a theoretical yield of 
B/S'-dichloroethyl sulphide, was first passed between the Allies in 
these reports. " The whole of the output of this toxic material 
achieved in Britain, France, and America during the recent war 
resulted from the application to large-scale production of the two 
reactions first shown to be economically possible in these three 


At the request of Sir Richard Threlfall, certain of the energy 
constants of 0 / 3 '-dichloroethyl sulphide were determined m this 
laboratory by Messrs. 0. T. Heycock and W. H Mills These 
gentlemen determined the heat of combustion of the liquid sub- 
stance in the calorimetric bomb as 743-3 Calories at constant 
volume; the heat of formation from rhombic sulphur, amorphous 
ca hon, and gaseous hydrogen and chlorine is thus calculated as 
+ 67-9 Calories. Messrs. He, cock and Atkinson also determined 
the heat of formation of sulphur monochlonde from rhombic 
sulphuT and gaseous chlonne as ( 2 S.CL) = + 16 ; 35 Calories, and , 

„„ u. -* ■ 

The heat evolution which accompanies the co“dcnsa J 
ethylene with sulphur monochloride is thus ***3 ^ 

requires careful consideration in connexion 

"» ; — ; V332P* 
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H t . at 15°. The molecular depression of the freezing point by 
benzene was determined as 54r6; the latent heat of fusion is hence 
calculated as about 30 Calories. 

Aluminium, lead, brass, iron, bronze, zinc, and tin are not acted 
on by jSjS'-dichloroethyl sulphide at the ordinary temperature; with 
the first three metals no appreciable action is noted at 100°, but 
the others named are attacked at this temperature, the action being 
inost rapid in the case of tin. Titanic and stannic chlorides yield 
additive compounds with the substance. Sulphur dichloride acts 
vigorously on dfl'-dichloroethyl sulphide at the ordinary tempera- 
ture, but our preparations of sulphur monochloride do not attack 
the sulphide appreciably below about 70°; above this temperature, 
reaction occurs, with evolution of hydrogen chloride and formation 
of more highly chlorinated derivatives of ethyl sulphide. 

On treating /30'-dichloroethyl sulphide with concentrated nitric 
acid and gently warming, it is converted into pR'-rlichloraethiil 
mlfhoxide, (CH 5 C1-CH. 2 ) 2 S0 ; after diluting the solution and 
crystallising the precipitate from 50 per cent, alcohol, the sulph- 
ide is obtained in small, colourless plates melting at 110°: 

0-2145 gave 0 3500 AgCl. Cl = 401. 

C 4 H s OC 1.,S requires Cl — 40 5 per cent. 

The behaviour towards oxidising agents furnishes a ready method 
[or distinguishing between Guthrie's disulphide and the mono- 
sulphide. 

On adding bromine (2 mols.) to an ice-cold solution of f?0'-di- 
chloroethyl sulphide (1 mol.) in chloroform, a deep orange-coloured 
precipitate quickly separates; this, although it rapidly loses 
bromine, is sufficiently stable to allow of filtration, desiccation, and 
analysis. Two analyses of the product thus obtained showed the 
presence of 64'3 and 63 5 per cent, of bromine, whilst the com- 
positions (CH,CKT!.A,S.2Br, and (CH.,Cl-CTI.,),S.Br. f require 
GC'8 and 50-2 per cent-, of bromine respectively. On keeping the 
dried, orange coloured substance, it becomes converted, with loss of 
bromine, info a bright yellow .-olid melting at 43 — 44°; this sub- 
stance could not be further purified, owing to its instability, but 
was found to contain 48-3 per cent, of bromine and to yield the 
sulphoxide, (CllX’i-CirdXO. melting at 110°. on treatment with 
dilute sodium hydroxide solution. 

It is thus indicated that the yellow compound melting at 43 44° 

is the Jibromhh of J30'-dichloroethyl sulphide, corresponding with 
the sulphoxide, and that ihc orange-coloured substance is the 
jur bromide. 

Our thanks are due to Mr. G. M. Bennett, M.A., for valuable 
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assistance in connexion with the experimental work described in 
the present paper. 

This paper is published with the concurrence of the Government 
Department concerned. 

The Chemical Laboratory, 

University of Cambridge. [ Received , February 2nd, 1920 .] 


XXXV .- — The Action of Ethyl Chloroformate on 
Pyridine and Quinoline. 

By Thomas Hopkins. 

Comparatively few experiments appear to have been carried out, 
on the action of halogen derivatives of the simpler aliphatic esters 
or the somewhat closely related compounds, the acid chlorides, on 
pyridine and quinoline. The first investigations were those of 
Gerichten ( Ber ., 1882, 15 , 1251) and Kruger (Ber., 1890, 23 , 2608), 
who obtained pyridine-betaine hydrochloride by the interaction of 
ehloroacetic acid and pyridine. It was found that at 202 — 205°. 
pyridine-betaine hydrochloride decomposes into pyridine, methyl 
chloride, and carbon dioxide. Below this temperature, however, 
pyridine-betaine appears to be quite stable. Rhoussopoulos (Ber., 
1882, 15 , 2006) treated quinoline with ethyl chloroacetate, and 
obtained the chloride of quinoline-betaine ethyl ester. Dennstedt 
and Zimmermann (Ber.. 1886, 19 , 75) studied the interaction of 
pyridine and acetyl chloride. They found that an additive product 
was first formed, and, on heating over the water-bath, the first pro- 
ducts isolated were pyridine and dehydracetic acid. The latter is 
formed from the acetyl chloride, and the pyridine is regarded as 
acting by removing the elements of hydrogen chloride. 

The final products of these reactions are colourless substances. 
With ethyl chloroformate, pyridine forms a colourless, additive 
com pnii nr/, which rapidly changes to red. The additive compounds 
of pyridine with hydrogen chloride, methyl chloride, or benzyl 
chloride are all colourless substances. It does not appear possible 
to put forward any structural explanation of the intense colour of 
the compound formed from ethyl chloroformate and pyridine with- 
out recourse to the hypothesis of partial valency. As at present 
such an hypothesis does not admit of experimental verification, the 
cause of the colour has not been satisfactorily elucidated. The 
eminminel o," quinoline and ethyl chloroformate is canary-yellow 
and is only stable at very low temperatures. 
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This reaction is interesting in two other respects. First it 
furnishes a means for producing ethyl chloride, the ease of decom- 
position of the pyridine compound in the absence of moisture lead- 
ing to the view that the pyridine may assume the role of a catalyst. 
Secondly, the interaction of pyridine and ethyl ehloroformate may 
be utilised for detecting small quantities of pyridine in commercial 
ammonium nitrate. The pyridine is first extracted with about 
30 cc. of chloroform, and then one or two drops of ethyl chloro- 
formate are added. The presence of pyridine is indicated by the 
appearance of a red tint. 

Experimental. 

Ethyl Chlaroformate and Pyridine. 

In a preliminary experiment, 79 grams of pyridine (1 mol.) and 
108 grams of ethyl ehloroformate (1 mol.) were used. The pyridine 
was placed in a round-bottomed flask, which was surrounded by a 
freezing mixture. The flask was attached to a reflux condenser, and 
the ethyl ehloroformate added very slowly from a dropping funnel. 
The condenser was connected to two coiled receivers immersed in a 
freezing mixture, thence to a tube with lime-water, and finally to 
a tube containing bromine water. During the addition, a vigorous 
reaction took place, and the lime-water rapidly became milky, a 
strong stream of gas with a very sweet, ethereal odour issuing from 
the exit tube. When the addition of the ethyl ehloroformate was 
complete, a dark red paste was formed in the flask. The contents 
of the latter were raised to boiling point, and a strong evolution of 
gas occurred during this process. The apparatus was then detached 
and the contents of the flask and Ihe coiled receivers were examined. 
The liquid condensed in the coiled receivers was proved by analysis 
to be ethyl chloride. The contents of the flask consisted of a dark 
red oil and a black, viscous mass. The greater part of the oil 
distilled at llo — 120°. and was pyridine. It contained also a 
white, amorphous solid, which distilled at about 230°. The same 
white substance was isolated from the black, viscous mass by solu- 
tion in alcohol and crystallisation in a vacuum. It contained 
01 = 28.99, whilst pyridine hydrochloride requires 01 = 30-73 per 
cent. The substance was soluble in water, anil when the solution 
was rendered alkaline with sodium hydroxide and saturated with 
salt, pyridine separated. This experiment led to the conclusion that 
the products of decomposition of the reaction were ethyl chloride, 
carbon dioxide, pyridine, and pyridine hydrochloride. 

In order to control the intensity of Ihe reaction, xylene and ether 
were used as diluents, but in each case when either the ethyl eliloro- 
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formate was added to the pyridine or vice versa, the reaction 
appeared to he equally vigorous. The same intense reaction was 
observed when the reagents were kept at -10° during the addition. 

The Influence of Moisture cm- the Reuction . — About 200 grains of 
pyridine distilling at 115 — 120° were twice fractionated over solid 
potassium hydroxide, and the portion distilling at 115° was collected 
separately and allowed to remain over sodium overnight. Gas 
bubbles were evolved, showing that moisture was present. Sodium 
wire was unsuitable, for it charred the pyridine completely. 

The ethyl ehloroformate was fractionated, and the portion dis- 
tilling at 93° separately collected. Any free acid was first destroyed 
by adding a little calcium carbonate. This fraction was also 
allowed to remain over sodium for several days and re-distilled. 

With these purified materials, the interaction between gram- 
molecular proportions of the two substances was studied in a 
desiccator containing sulphuric acid, which itself was kept cold by 
a freezing mixture. The pyridine was dissolved in 200 c.c. of dry 
ether contained in a wide mouthed bottle. Through the opening in 
the lid of the desiccator a dropping funnel was fixed, the stem of 
which was drawn out into a capillary tube terminating about 2 cm, 
above the surface of the liquid in the bottle. The ethvl chloro- 
formate was placed in the dropping funnel, which was then closed 
with a calcium chloride tube. To the side-tube of the desiccator 
two calcium chloride tubes in series were fixed. After twenty-four 
hours, the tap of the side-tube was adjusted to admit such an 
amount of dried air as would allow the ethvl ehloroformate to enter 
at the rate of a drop per second. 

The same eolour changes took place as in the preliminary experi- 
ments. and effervescence set in when the addition became too rapid. 
The dark red product was thoroughly washed six times with fresh 
quantities of drv ether and kept, in a vacuum overnight. Next 
morning the surface laver was white, owing to the vacuum not 
having been maintained. The laver was removed, and the rest, 
of the mass showed a uniform rose-red colour. The nature of this 
product was then examined. 

(11 The percentage of chlorine in it was estimated by the Carius 
method. Some difficulty was experienced in this, because the pro- 
duct was so sensitive to (races of moisture. Owing to the ease 
with which the substance decomposes when exposed for a short 
time to the atmosphere, several estimations had to be carried out 
before satisfactory results were obtained. When the operation of 
weighing and transferring to the tube was done expeditiously, the 
percentage of chlorine was found to vary from 19'2 to 19'46, whilst 
C.If ;1 O.NC! requires Cl = 18-93 per cent. 
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(2) The red substance when exposed to the atmosphere quickly 
effervesced, thus showing that decomposition wa 3 taking^ place 
Water decomposed it rapidly with a strong evolution of carbon 
dioxide and ethyl chloride. 

(3) Hydrolytic Decomposition .— The compound (19'3 grams') was 

placed in a small flask attached to a reflux condenser, and about 
50 c.c. of water were added down the condenser tube when a 
vigorous decomposition took place. When the evolution of gas 
had slackened, the contents of the flask were kept cently boilin* 
for one hour. The aqueous solution was clear but sfmhtly yellow 
and had a strong odour of pyridine. The aqueous solution was 
then distilled, and two fractions were obtained, namely, an aqueous 
distillate up to 150°, and a white sublimate which' appeared to 
distil at about 220°. * 


The aqueous distillate was strongly alkaline with a stronv odour 
of pyridine, and the sulphuric acid-dichromate test showed con 
clusively the presence of alcohol. 

The weight of white solid recovered was approximately 40 per 
cent, of the original weight taken. It was readily soluble in water 
or alcohol, giving colourless solutions, but insoluble in ether It 
was recrystallised from water, dried in a vacuum for two days, and 

finally washed six times with dry ether. It melted at 120 1^2° 

and distilled unchanged at 220°. Analysis showed it to consist of 
pyridine hydrochloride (Found: Cl = 30-09. C-H.N.HCl requires 
Cl = 30‘73 per cent.). 

It is evident that the products of hydrolytic decomposition are 
free pyridine, alcohol, carbon dioxide, ethyl chloride, and pyridine 
hydrochloride to the extent of about 40 per cent. This 'change 
may therefore be expressed quantitatively bv the equation: 
3C s H s NCl-C0,Et + 2H,0 = 

C 5 H-N + 2C 5 H 4 K,HCI + EtCl + 3CO., + 2EtOII. 


Ethyl Chloroformale and Quinoline. 

Experiments were carried out on the interaction of quinoline 
(b. p. 134—140°) and ethyl chloroformate in a manner analogous 
to that described above. A yellow, amorphous solid was formed, 
which was far more stable than the corresponding pyridine com- 
pound. It could be submitted to the atmosphere for a consider- 
able time without decomposition. On heating at 100°, it decom- 
posed into quinoline, carbon dioxide, ethyl chloride, and quinoline 
hydrochloride, although this decomposition is slower than in the 
case of the pyridine compound. Water decomposes the quinoline 
compound in a like manner to the pyridine compound. The 
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chlorine content of the substance was determined by the Carius 
method, and the results varied from 14-25 to 14-95, whilst 
C 12 H].,0 3 NC1 requires Cl = 14'92 per cent. The variation in the 
results may be caused by the quality of the quinoline employed 
which was isolated by fractionating the technical product. P ure 
quinoline distilling exactly at 239° was obtained, and the experi- 
ments were repeated. The ethyl chloroformate had been specially 
purified. It was found, however, that the pure quinoline did not 
react with ethyl chloroformate at the ordinary temperature, at 
zero, or at —10°. They interacted only at the temperature of 
solid carbon dioxide, and formed a canary-coloured product, as in 
the preliminary experiments. When the yellow compound i s 
removed from the solid carbon dioxide and allowed to remain at 
the ordinary temperature, it quickly liquefies and decomposes. 
The decomposition is brisk, and carbon dioxide and ethyl chloride 
are evolved. The extent to which this decomposition takes place 
was then investigated. In a test-tube 10 cm. long provided with 
a side-tube and stopcock was placed 0 32 gram of quinoline. The 
tube was closed with an air-tight stopper carrying a short tube 
with a stopcock. This served the purpose of displacing the air 
with dry carbon dioxide at the. initial stage and sweeping out any 
ethyl chloride into a Lunge nitrometer. The tube was placed in 
solid carbon dioxide in a Dewar vessel, and the equivalent of ethyl 
chloroformate added drop by drop. Particular care was taken to 
avoid access of moisture, and the tube and its contents were allowed 
to remain in the solid carbon dioxide for five hours. It was then 
connected with the nitrometer, the tube allowed to remain in the 
air, and the issuing ethyl chloride collected over 30 per cent, 
potassium hydroxide. By this experiment-, 24-8 per cent, of the 
available ethyl chloride was accounted for (theoretical, 2716 per- 
cent.). The residue contained the hydrochloride, which explains 
the discrepancy. The reaction is very sensitive to moisture, and 
it was found that where no precautions were taken to eliminate 
moisture, 23'3 per cent, of hydrochloride is formed in the decom- 
position, and the available ethyl chloride is much lessened. 

The author is indebted to the Research Committee of Messrs. 
Nobel's Explosives Co., Ltd., and particularly to Mr. Rintoul, for 
the facilities accorded him iu carrying out this investigation. He 
is also indebted to Messrs. Nolan and Hepworth for friendly 
criticism of the experiments. 

The Research Laboratories, 

Stevenston. [llcteivcd, February 13 lit. 1920.] 
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XXXVI . — The Action of Nitric Acid on Unsatorated 
Hydrocarbons. The Action of Nitric Acid on 
Acetylene. 

By Kennedy Joseph Previte Orton and Phyllis Violet McKie. 

The action of nitric acid, in contrast to nitrogen peroxide, on 
unsaturated (non-aromatic) hydrocarbons has not yet been thor- 
oughly examined. Such references as are found in the, literature 
indicate that complete oxidation to oxalic acid or carbon dioxide 
usually occurs. Baschieri ( Atti R. Accad. Lincei, 1901, [v], 9, 
i, 391) and Testoni and Mascarelli {ibid., 1902, [v], 10, i, 442; 
Valletta, 1903, 33, ii, 319), on examining tbe action of fuming 
nitric acid on acetylene, obtained, however, a mixture of complex 
substances, the constitution and even the composition of which were 
not with certainty elucidated. J. Schmidt {Her., 1901, 34, 619), 
who prepared from stilbene and nitrogen dioxide a diuitrostilbene, 
suggested that this behaviour foreshadows the manner of reaction 
with acetylene. 

We have examined the interaction of nitric acid and acetylene 
under varying conditions of concentration, of temperature, and in 
the presence of metallic salts, in the first instance to ascertain 
whether tetranitromethane or substances such as liitroform, which 
could be easily converted into tetranitromethane by nitration, were 
produced. This quest has been highly successful, and thus a source 
of tetranitromethaue, which has a certain usefulness as a high 
explosive, from inexpensive materials has been obtained. 

Acetylene is absorbed with very great ease by absolute nitric 
acid, or by mixtures of nitric acid and sulphuric acid. With dilu- 
tion of the nitric acid, the rate of interaction, and hence the readi- 
ness of the absorption, decreases. Rise of temperature and the 
presence of the catalyst (mercury salt) cause an increase in the 
rate of the interaction and readiness of absorption. In these com- 
parative statements of the readiness of absorption, it is to be 
understood that the method of bringing the gas and the liquid into 
contact is unchanged. Obviously intimate intermingling of a gas 
and a liquid will promote absorption and interaction, and may lead 
to as ready an absorption by a dilute acid at low temperatuie as 
is with less efficient mixing only found at more favourable tempera- 
tures and concentrations of the acid. 
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The reaction is accompanied by a small development of heat. On 
the scale of our experiments, the temperature was kept thereby at 
5 — 8° above the laboratory temperature. 

The products of the interaction of acetylene and nitric acid are 
various ; and the nature and ' the proportion of these products is 
largely determined by the concentration of the acid, by the 
temperature, and by the presence of a catalyst or of sulphuric acid. 

The Italian investigators (loc. at.) isolated from the interaction 
of acetylene and nitric acid (D T52; the proportions are not stated) 
at low temperatures small quantities of different solid products, 
some neutral and some acid, which were frequently explosive, 
Nitroform was also found among the products. 

Omitting the products of reduction of nitric acid, the reaction 
yields nitroform and certain substances, which can be converted 
into tetranitromethane, carbon dioxide (and a trace of carbon mon- 
oxide), and other substances among them sometimes oxalic acid 
(“ O.S." in the tables) — which cannot be converted into tetramtro- 
methaue ; the latter may predominate in certain circumstances, such 
as high or low concentration of the nitric acid or low temperature. 
Of the antecedents of tetranitromethane, nitroform usually amounts 
to about 75 — 85 per cent., and the others to about 15 per cent. Of 
the metals which we have tried as catalysts, only mercury causes a 
marked increase of the, proportion of nitroform, etc., and at the 
same time reduces to a very small proportion the by products which 
do not yield tetranitromethane. In fact, the reaction is simplified, 
and the acetylene is quantitatively represented by nitroform, etc., 
and carbon dioxide. Table I summarises the results of experi- 
ments, which illustrate the effect of concentration of acid, tempera- 
ture, presence of mercury nitrate, or of sulphuric acid, 

Under ‘‘ t.n.in.” in the table is the quantity of tetranitromethane 
(as a percentage of the acetylene reacting) which can be obtained 
from the product by a treatment described later. This quantity is a 
convenient measure of the extent to which nitroform and the other 
antecedents are produced under given conditions. If 2 moles of 
tetranitromethane were formed from one of acetylene, “ t.n.in, 
would amount to 1508 per cent, in a quantitative yield, or if i mole 
of acetylene yields one of tetranitromethane, which is far more 
probable, 754 per cent. 
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Table I. 


A. 

Varying Concentration 

of Nitric Acid. Temperature, 15°. 


Kxperi- Percentage of 

C S H, absorbed 
by 100 grams of 
nitric acid. 

' t.n.m.” as per- 
centage of C,H.) 


ment. nitric acid. 

Litres. 

absorbed. 

1 . 

100-0 

1-610 

75-5 

2. 

97-5 

1-516 

1030 

3. 

950 

1-296 

238-0 

4. 

90-0 

1-097 

1600 

5. 

85-0 

0-546 

158-0 

G. 

70-0 

1043 

37-4 


B. Sulphuric Acid present. Temperature, 15°. 

C,H, ab- CO, evolved 
sorbed per per " t.n.m.” 

100 grams 100 grams as percent- 

of nitric of nitric CO./CjH, age of “ O.S.” as 



H,SO./ 

acid. 

acid. 

by vol- 

CjH, ab- 

a percent- 


HNO,. 

Litres. 

Litres. 

uine. 

sorbed. 

age. 


011/1 

1-336 

0-295 

0-25/1 

148-5 

77-9 

8 

0-5 / 1 

1-41 

0-137 

0-09/1 

o-o 

95-6 

9 

0-5 /I 

1-615 

1-092 

0-67/1 

129-0 

57-8 

10 

2-6 / 1 

1-774 

0-17 

0 1 /I 

0-0 

95-9 


In Experiment 9, 0‘33 per cent, of mercuric nitrate was present. 
In Experiments 6 and 10 the temperature was 30°. 


G. 

Mercuric A'i 

i irate present , O' 66 per cent. 

Temperature, 15°. 



C 2 Ho ab- 

CO, evolved 






sorbed by 

per 






100 crams 

100 grams 


“ t.n.m.” 



Perccntoge of nitric 

of nitric 

CO./C.H, 

as percent - 

“ O.S. ’ as 

Lxpcri- of nitric 

acid. 

acid. 

by vol- 

age of : 

v percent- 

ment. acid. 

Litres. 

Litres. 

urne. 

t'.ii.. 

ago. 

11 ... 

90 

1-490 

2-27 

1-52/1 

204 

9-82 



I). Temperature 

Varied. 



12.. 

. -3° 95 

1-20 

0-54 

0-394/1 

104 

61*0 

13.. 

. 15 95 

1-296 

104 

0-8 /I 

23S 

44-0 

14.. 

. 30 95 

1-49 

1-565 

1-05/1 

331 

25-4 


E. Mercuric Nitrate , O'. 

CO 

1 

O 

<x> 

Cn> 

r cent. 

Temperature, 30°. 

15.. 

95 

1-571 

O. ••>••> 

1-41/1 

523 

00 

16.. 

100 

3-456 

4-87 

14 /I 

410 

2-4 

17.. 

70 

0-581 

M 

1-91/1 

47 

1-9 


It will be seen that both a high concentration (in the absence 
of mercury salt) and a low concentration of nitric acid are unfavour- 
able to the formation of nitroform and the other antecedents of 
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tetranitromethane. The optimum concentration is about 95 97 

per cent. Obviously in the interaction of nitric acid and acetylene 
the acid becomes diluted, and the yield will only be a maximum 
when a small quantity of acetylene is absorbed by this acid (Expt 
15). To obtain the maximum quantity of nitroform (and tetra- 
nitromethane) in one operation the absorption of 3'5 — 3‘7 litres of 


Fig. 1. 



Moles carbon dioxide or nitroform . 

Carbon dioxde: no mercury present 

Carbon dioxide : mercury present — 

Nitroform : no mercury present — . — 

Nitroform: mercury present - 

acetylene by 100 grams of if 100 per cent.” nitric acid, to which 
0*33 gram of mercury nitrate has been added, is best (Expt, 16). 
The yield of nitroform is then about 14 2 grams, and of tetranitro- 
methane 1 6*7 grams (or 410 per cent.). At the lower concentra- 
tions (70 per cent.) of nitric acid, oxidation to carbon dioxide 
increases, the ratio C0 2 : CjdL, (by volume, molar) approaches, 
and in Expt. 17, under the influence of mercury nitrate, rtearly 
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reaches 2 : 1. The dependence of the products of the reaction on 
the concentration of the nitric acid is well shown in Fio. 1. This 
indicates first the volume of carbon dioxide for one volume of 
acetylene, plotted against the concentration of nitric acid, (a) when 
no mercury salt has been added, (6) when mercury salt is present, 
and secondly the moles of nitroform for one mole of acetylene under 
similar different conditions; about 1 litre of acetylene has reacted 
with 100 grams of nitric acid. 


Effect of the Presence, of Various Metallic Salts. 

The effect of the presence of small quantities of salts of platinum, 
silver, uranium, copper, and mercury on the reaction between nitric 
acid and acetylene has been examined. The metals were added as 
nitrates, except platinum, which was in the form of chloroplatinic 
acid. The quantities used were molar equivalents of the amount 
of the mercury nitrate required to form a 0'33 per cent, solution. 
In 95 per cent, nitric acid solution was complete, or nearly com- 
plete, except, with platinum, when a heavy, yellow precipitate 
appeared and remained throughout. With copper a precipitate 
appeared during the reaction. Table II summarises the results. 
The nitric acid was diluted to 95 per cent., and the temperature 
was 30°. 


(1 ! H ! 
absorbed 
by JOO 
grams 
of nitric 

Experi- acid, 

ment. Meta). Litres. 

18 Pt 2 68 

ID Ag 2-73 

20 Ur 2-60 

21 Cu 2-55 

22 Hg 3-02 

23 Nono 2-81 


Table II. 


co s 





evolved 





per 


Percent- 

Percent- 

Percent- 

10U grains 

i “ t.n.m.” 

age of C 

age of C 

age of C 

of nitric 

os a per- 

in C 2 H 2 

in e 2 H a 

in (AH, 

acid. 

centage 

becoming 

becoming 

becoming 

Litres. 

of CjH,. 

“ t.n.m.” 

CO,. 

O.S.” 

2-25 

203 

13-5 

41-8 

44-7 

2-20 

221 

14-7 

49-3 

360 

3-32 

222 

14-9 

03-0 

21-5 

2 64 

371 

24-2 

5l-o 

24-3 

4-38 

453 

29-18 

70 81 

0-0 

2-72 

341 

22-6 

49-0 

28-4 


Mercury stands alone in having a markedly favourable effect on 
the rate of interaction, and hence on the readiness of absorption. 
Again, mercury is the only metal of those examined which exerts 
a beneficial inhuence on the production of nitroform and hence 
tetranitromethane. All the metals, save copper, favour oxidation 
of the acetylene, at the expense of the production of nitroform, 
etc.; uranium is peculiarly active in this respect. The experiment 
m which mercury is present stands out in that “ other substances " 
ate absent. Platinum has the opposite effect, and causes an increase 
in the proportion of by-products. 
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The proportion of mercury is important; the most favourable 
proportion lies below 1 per cent. Table III summaries the results 
of experiments made with the object of ascertaining exactly the 
best proportion, which is obviously 0'3— 0‘4 per cent. 

Table III. 

Temperature, 30°. 


Ex 

Per- 

cent- 

age 

of 

Hg(NO s ), 

CjH 2 ab- 
sorbed 
by 100 
grams 
, of nitric 

CO, 
evolved 
per 100 
grams 
of nitric 

Percent- 

age 

“t.n.ra.” of C in 
as a per- C 2 H, be- 

Percent- 

age 

of C in 
C 2 H 2 be- 

Percent. 

of C in 

an, b. 

peri- 

nitric 

as per- 

acid. 

acid. 

centage coming coming 

cornimr 

“ as* 

ment. 

acid. 

centage. 

Litres. 

Litres. 

of C 2 H,. t.n.m. 

' CO,. 

24 

95-0 

0-06 

3-06 

4-39 

383 25-4 

71-5 

3-1 

25 

950 

0-33 

3-02 

4-38 

453 29-2 

70-8 

o-o 

26 

950 

0-33 

1-55 

1-62 

552 37-1 

62-7 

0-2 

3*3 

27 

97-5 

0-28 

3*16 

4-34 

429 28-5 

68-2 

28 

95-0 

0165 

303 

3-83 

431 28-6 

03-1 

8'2 

29 

95 0 

0-0 

2-81 

2-72 

3+1 226 

49*0 

28-4 


The mercury salt appears to have more than one effect on the 
interaction of acetylene and nitric acid, and at different concentra- 
tions as well as at different temperatures one or other of these 
effects may be the more marked. 

The most characteristic effect is the elimination of products other 
than the precursors of tetranitromethane or carbon dioxide. These 
products have been grouped together under “ other substances." 
but two important groups can be distinguished. In the first place, 
when the nitric acid is highly concentrated, substances are produced 
in considerable quantity which do not on further treatment— 
“ nitration ” — yield tetranitromethane. These are probably the sub- 
stances isolated by Mascarelli and bis co-workers. Thus we find that 
with 100 per cent, nitric acid at Id 0 “ O.S.” may represent 86 per 
cent, of the acetylene absorbed, but in the presence of a mercury 
salt at 30° “O.S."’ is reduced to zero. The large increase in the 
yield of tetranitromethane from less than 100 per cent, in the first 
experiment to 460 per cent, in the second shows that the effect of 
a mercury salt is to cause the substitution of precursors of tetra- 
iiitrom ethane for these other substances. 

In less concentrated nitric acid, about 95 per cent., another effect 
becomes apparent. Now in the absence of mercury an important 
by-product is oxalic acid [Ca(CO*) 2 ,H.>0 gave CaC0 3 = 69T5. Calc.. 
CaCO 3 = 68‘50 per cent.], which can be readily isolated from or esti- 
mated in the product. When 1'5 litres of acetylene are absorbed by 
100 grams of nitric acid (95 per cent, at 30°) , as much as 25 pei 
cent, of the acetylene appears as oxalic acid. If a mercury salt if 
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present, however, only a very small quantity of oxalic acid is 
found, and there is a correspondingly large increase in the carbon 
dioxide. Direct experiment shows that a mercury salt does not 
cause the oxidation of oxalic acid by nitric acid, and it seems prob- 
able, therefore, that now, in the presence of mercury salt, some 
intermediary other than oxalic acid is directly oxidised to carbon 
dioxide. 

The presence of a mercury salt also modifies the reaction of 
acetylene with a mixture of nitric acid and sulphuric acid. A com- 
parison of experiments 8 and 9 (table 1) demonstrates this effect. 
It will be seen that the precursors of tetranitromethane are only 
produced in the presence of a mercury salt, and, further, that con- 
currently there is more oxidation of the acetylene. 

The mercury salt is without effect on the conversion of primary 
products of the interaction of acetylene and nitric acid into tetra- 
nitromethane, for addition after the absorption of the acetylene 
does not affect the yield of tetranitromethane in tile subsequent 
treatment. The mercury salt then determines only the course of 
the primary interaction. 

Formation of Htroform am! other 1’recursors of Tetranitro- 
methane. In order to account for the formation of tetranitro- 
methane in the interaction of diacetylorthonitric acid, acetyl nitrate 
or nitric acid and acetic anhydride, Pictet and Genequand {Bcr., 
1903, 36, 2225) suggested that nitroform, which they isolated, or 
even trinitroacelie acid, precedes tetranitromethane. The formation 
of tetranitromethane by the nitration of nitroform had earlier been 
demonstrated by Schischkov ( .lnnalr.it , 1861, 119, 218), who used a 
mixture of nitric and sulphuric acids. 

Nitroform, as its characteristic ammonium salt, can easily be 
isolated from the product. The estimation in the complex acid 
mixture is not so simple; but after removal of the "nitrous acid " 
by ammonium nitrate the nit reform can be distilled in a current of 
steam or extracted with ether, and then titrated in tne distillate or 
extract with alkali hydroxide, or, better, with permanganate. 

the quantity of nitroform thus determined does not represent 
more than 85 — 87 per cent, of the tetranitromethane which can be 
obtained from the product, and is in some circumstances less. No 
"ant of accuracy which can be detected in the method of estima- 
tion of the nitroform will account (or this discrepancy between the 
quantities of nitroform and tetranitromethane. 

Clear evidence that the product contains substances other than 
nitroform which yield tetiauitromethane when heated with sul- 
phuric acid is adduced by the following experiment. The product 
was obtained by passing acetylene into 95 per cent, nitric acid at 
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30°, 0'33 per cent, of mercuric nitrate being present. Tile nitro. 
form fount] in a portion of the fresh product was equivalent l 0 
15'6 grams of tetranitromethane, whereas the product yielded 
20 grams. An equal portion of the product was heated at 85° for 
two hours before treatment with sulphuric acid. The yield of 
tetranitromethaue in this portion was now 16 6 grams, and the 
nitroform therein was equivalent to 16'3 grams. 

The yield of tetranitromethaue also falls off, rapidly at first, if 
the product is kept for some time at the ordinary temperature, 
whereas the decomposition of nitroform in the product, which is also 
observed, is very much slower. 

Obviously substances which can yield tetranitromethane have 
been destroyed by heating or keeping the product. It is clear that 
they have not been converted into nitroform, for the quantity of 
nitroform is approximately unchanged and, it is to be noted, after 
the heating, is nearly equivalent to the tetranitromethane. 

The formation of nitroform from acetylene and nitric acid car 
be represented as the result of a simple addition. 

CHXTI + 2HNO s -> (NCyXH-CII(OH) 2 -> 

(NOXCH-CIIO — > (N0„)jCH-C0 2 H either — > 

(NO.,)»CH., + CO, or possibly (N0.,).,CH-C0 2 H + 11N0 3 — > 
(N0 j),C-C0 4 H > (NO,),CH - CO. 

(The addition of nitrogen peroxide is not considered.) 

Dinitroiriethaiie very readily reacts with nitrous acid (Du den, 
Btr. 1893, 26, 3003), yielding the iaonitroso-compouud, which 
under the conditions would probably be oxidised to nitroform, 
thus : 

(NOjJjCHj-r HX0 4 -> (NOo),C:NOH — > (NOj),CH. 

The isonitroso-compound does not appear usually to be present in 
the product, for in normal experiments there is no marked indica- 
tion of the blood-red colour which it yields with alkalis (Duden, 
for. at.). At lower dilutions of nitric acid, however, this reaction 
is obvious on rendering the product alkaline. 

When nitroform is produced by the routes indicated above, one 
mole of acetylene yields one mole of nitroform and one mole of 
carbon dioxide; hence as a maximum only 50 per cent, of the 
carbon of the acetylene would become nitroform. 


Experimental. 

The essential parts of the apparatus are shown in Fig- -■ 
Acetvlene is absorbed so readily, at least by sufficiently coi.« - 
trated nitric acid at moderate temperatures, that the D 
bubbler (A), in which the end of the inlet tube is somew 
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stricted, serves as the reaction vessel; the bubbles of gas are broken 
ta a layer of glass beads. This bubbler, which is nearly full, is 
immersed in a bath maintained at a constant temperature, 
usually 30°. 

The second bubbler (5), which is placed in a cooling-bath, con- 
tains 30 c-c. of sulphuric acid (96 — 97 per cent.) ; all the oxides of 
nitrogen coming from (A ) are absorbed in (71). No nitrous or 
nitric oxides have been found in the gas, which passes through the 
sulphuric acid. Safety devices for meeting a development of 
negative pressure or a sudden positive pressure are placed at a, b, 
and c. Samples of gas for analysis can be drawn off from the pipe 
line at e and f. 

The acetylene, which was not purified, was dried by calcium 
Fio. 2. 


f 



chloride. In this apparatus, good absorption (more than 90 per 
cent, under the best conditions) was obtained up to a speed of 
400 c.e. per hour. Usually the speed was considerably less, about 
150—200 c.c. per hour. 

The nitric acid was prepared from a crude, fuming nitric acid 
(D ,a 1‘5), which contained much iodiue as iodic acid, by distilling 
from an equal weight of sulphuric acid. The distillate had 
D 15 1-545; the acid contained 2'2 per cent, of “nitrous acid, as 
determined by potassium permanganate. 

Mercuric nitrate (0’5 gram : 0‘33 per cent.) is placed in the 
bubbler, then water (7'5 c.c. when a 95 per cent, nitric acid is 
used), and finally the nitric acid (138 6 grams=90 c.c.). The 
mercuric nitrate dissolves completely ; the quantity of 95 per cent, 
“itric acid just given will dissolve T2 — 1’3 grams at the ordinary 
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temperature. Absolute nitric acid dissolves very little mercuric 
nitrate which, at the beginning of the experiment, is in suspension, 
but dissolves later. 

It is not advantageous to pass more thaii 4‘5 — 4 6 litres of 
acetylene into A, although when absolute nitric acid is used this 
may be increased to 5 litres. As the reaction proceeds, the nitric 
acid is diluted; not only is the reaction then more tardy, and hence 
the absorption poorer, but oxidation of the acetylene, and hence 
the evolution of carbon dioxide, becomes more prominent. At the 
early stages of the reaction, very little gas leaves (.1) ; later, oxides 
of nitrogen and carbon dioxide are evolved, towards the end of the 
experiment vigorously. 

The results of typical experiments are summarised in table IY. 


Table IV. 

Iu all experiments, 0'33 per cent, of mercury nitrate was prese 


Ex- 

peri- 

rnont. 

30 

31 

32 

33 


Per- 

cent- 

age 

of 


0,H, 
absorbed 
by 100 
grains 
of nitric 


CO, 
evolved 
by 100 

grams “t.u.m.” 
Nitro- of nitric as a per- 


Percent- Percent- Percent- 
age age age 
of C in of C in of (J in 
C a H 2 be- Coll, be- C,H, be- 


nitric 

acid. 

form. 

acid. 

centage 

coining 

coming 

coming 

acid. 

Litres. 

Grams. 

Litres. 

of C 2 H 2 . 

“t.n.m.” 

CO,. 

" 0.8.” 

950 

3*068 

10*3 

4*38 

436 

28*94 

71*04 

O'U 

97*5 

3* 163 

10*5 

4*34 

430 

28*8 

68*5 

2-3 

1000 

3*456 

no 

4*87 

410 

27-6 

70*5 

2-4 

1000 

2*883 

9*9 

4*07 

448 

29*73 

70*3 

0*0 


Preparation of Xitroform.— The product i3 diluted 1 to 10, and 
then the nitrous acid removed by ammonium nitrate, 20 grams to 
100 c.c. of the diluted product. The nitroform is then extracted 
by ether, preferably in a continuous apparatus. The ethereal 
extract is concentrated and added to alcoholic ammonia or alcoholic 
potassium hydroxide, when the salt crystallises out. hrom 100 
grams of the product prepared under the best conditions, about 
15 grams of the crude ammonium salt can be obtained. 

Analysis of the Product; Xitroform, Nitrous and Xitric Acids. 
— The estimation of nitrous acid cannot be made directly on the 
product-, for other substauces which reduce permanganate are 
present. Two procedures have been followed. The permanganate 
titre of the product diluted 1 in 1U is determined; then either the 
nitrous acid is removed by aspiration or by boiling with ammonium 
nitrate (Gailhat, J. Pharm. Chim., 1900, [vi], 12, 9; Ger ingei, 
Zeitich. an, jew. Ghem., 1902, 14, 1250; they both use ammonium 
chloride). In the aspiration, it is not necessary to remove Un 
whole of the nitrous acid, which is a very lengthy process. 8 
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given temperature and with a given air current, the percentage 
joss of nitrous acid from the solution follows the well-known law, 
and is independent of the initial concentration. At 16°, with the 
rate of air current 01 litre per minute, trials with known solutions 
of nitrous acid at various concentrations in aqueous nitric acid, and 

with known solutions of nitroform and nitrous acid in 7 8 per 

cent, nitric acid, show that 73 3 (72'8 -73'9) per cent, of nitrous 
acid disappear in one hour. After the partial removal of the 
nitrous acid by aspiration or the complete removal by ammonium 
nitrate, the residual permanganate titre is determined, whence the 
•nitrous acid” can be calculated. Determinations of the nitrous 
acid made by these two methods agree fairly well, but the method 
of aspiration is probably the more trustworthy, 

Determination of Nitroform. — Nitroform can be titrated in 
aqueous solution by alkali hydroxide in the presence of pheuol- 
phthaloin (Hantzsch and Rinekenburger, her., 1899, 32 , 631). We 
have devised a method, depending on the reduction of perman- 
ganate in the presence of sulphuric add, which will be discussed 
more fully in another place. Recently, Erich Schmidt ( Ber ., 1919, 
52, [B\, 400) has described a procedure in which nitron is used as 
precipitant; this we have not yet tested, nor would it be easily 
applicable to our conditions, owing to the presence of nitric acid. 

The product contains, besides nitrous acid and nitroform, other 
substances (for example, oxalic acid) which reduce permanganate. 
After removal of the nitrous acid, the nitroform may be extracted 
with ether and then titrated, or, preferably, distilled off and 
titrated with permanganate. 

The following is a typical analysis: 2 — 5 c.c. of the "product" 
are added to 18—45 c.c. of .V/2-.V-alkali hydroxide; 5 c.c. are 
diluted with 10 — 15 c.c. of water, and 2 — 3 grains of ammonium 
nitrate added. The mixture is gently boiled for several minutes 
(five to ten), and then diluted to 100 c.c., acidified with 5 — 10 c.c. 
of 10 per cent, sulphuric acid, and distilled until the distillate is 
colourless (thirty minutes). The distillate may be collected in 
water or Nj 10-alkali ; it is finally titrated with _Y/10-KMnO 4 . 
One c.c. of .V/ lO-KMuO, is equivalent to 151 /80,000 = 0 0019 gram 
of nitroform. 

After destruction of nitrous acid and extraction of nitroform by 
ether, the residue still reduces permanganate. The reduction is 
bnt small under conditions most favourable for the preparation of 
nitroform or tetranitromethaiie. Some, and sometimes most, of 
the reduction of the permanganate by the residue is to be 
attributed to oxalic acid. 

A rough estimate of the nitric acid in the product can be made 

vol. cxvir. m 
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by deducting from the total alkali titre the alkali titre equivalent 
to the permanganate titre of the diluted product. As this deduc- 
tion does not amount to more than 10 per cent, of the total alkali 
titre, a rough estimate of the nitric acid remaining is possible. 

In a typical experiment, in which 4-27 litres of acetylene were 
absorbed by 138'6 grams of nitric acid (diluted to 95 per cent ) 
about 75 grams of nitric acid remained in the product, which 
weighed 1 23*5 grams. Deducting nitric acid, nitrous acid, and 
nitroform, the water in the product comes to 30 grams. 

Analysis of Oases evolved during the Interaction of Acetylene 
and Xitric Acid. — The gas coming from the bubbler (if) is collected 
over a neutral, saturated calcium chloride solution in a larc e 
vessel of known capacity; the last part of the gas iu an experi- 
ment is measured iu a graduated vessel. Both carbon dioxide and 
acetylene are less readily soluble in saturated calcium chloride than 
in other saline solutions; at 14°, carbon dioxide has a solubility 
of O'l iu 1, and acetylene 0 08 in 1, by volume. 

The gas evolved during the heating of the product with sulphuric 
acid was collected in a similar manner. The liquid nearly filled 
the flask, which was ground on to a narrow condenser tube; this 
tube was carried on as a delivery tube for the evolved gas. 

Table IV shows the large volumes of gas (carbon dioxide; 
collected. Nine-tenths, or rather more, are evolved during the 
interaction of acetylene and nitric acid when mercury is present, 
and the remainder during the heating with sulphuric acid, hi the 
absence of mercury, 2/3 — 3/4 of the gas passes oil at the first 
stage, and. 1 /4 — 1/3 at the second stage. These ratios strictly 
apply only to the carbon dioxide, which, however, largely pre- 
dominates, especially iu the first stage, less exactly to the total 
gas. The gas consists in the main of carbon dioxide with small 
percentages of acetylene and carbon monoxide, and traces of air. 
The gas given off in the heating contains much oxygen (up to 
40 — 50 per cent.; from the interaction of nitric and sulphuric 
acids. 

The gas was analysed iu a ‘‘ Bone and Wheeler ’’ apparatus. The 
acetylene was absorbed by a 5 per cent, solution of potassium 
bromide saturated with bromine; the absorption is somewhat slow 
towards the end, but complete. After removal of the bromine 
vapour by the alkaline reagent, the carbon monoxide is absorbed 
by the ammoniacal cuprous chloride reagent. We have tested 
exhaustively this procedure oa known mixtures of gases, and found 
it quite accurate. Usually, the gas of the first stage will contain: 
CO, 75 — 80, CIl, 5 — 6, CO = at most 1 per cent. 

Preparation of TtirunitroMcthane.— Originally, tctraiulro 
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methane was prepared by Bchischkov (loc. cit.) from trinitroaceto- 
nitrile. Later, it was obtained in the exhaustive nitration of 
aromatic hydrocarbons (Will, Ber., 1914, 47 , 704; Claessen, 
D.R.-P. 184229) by the action of diacetylorthonitric acid or acetyl 
nitrate on acetic anhydride (Pictet and Genequand, loc. cit . ; Pictet 
and Khotinsky, Compt. rend., 1907, 144 , 210), or from nitrogen 
pentoxide on acetic anhydride (Seheuck, D.R.-P. 211198, 211199), 
or from nitric acid on acetic anhydride (Farbenfabriken vorm. F. 
Bayer & Co., D.R.-P. 224057; Berger, Compt. rend., 1910 151 
813; Chattaway, T., 1910, 97 , 2099). 

In preparing tetranitromethane from a hydrocarbon by 
exhaustive nitration, it is obvious that a low proportion of hydrogen 
to carbon, such as obtains in benzene, naphthalene, or acetylene, 
is desirable in order to economise nitric acid. Not only does the 
oxidation of a large proportion of hydrogen entail a correspond- 
ing loss of nitric acid, but. the nitrating agent becomes diluted 
with water, and hence less efficient. On these grounds, benzene or 
its derivatives, or naphthalene derivatives, or acetylene are the 
most suitable substances. For various reasons, acetylene would be 
an excellent source of tetranitromethane. Whilst only some 
4—5 per cent, of benzene nitrated can be converted into tetranitro- 
methaue, it has been shown in the foregoing that some 37 per 
cent, of the acetylene appears as this substance under suitable 
conditions. 

'Jhe product from the interaction of acetylene and nitric acid 
contains very little tetranitromethane. tf it is heated or first 
mixed with phosphoric oxide, sulphuric acid, or fuming sulphuric 
acid and then heated, tetranitromethane is formed. 

A satisfactory procedure, in which all the nitroform is converted 
into tetranitromethane and the maximum yield is obtained, is to 
mix the product from 90 c.c. of 100 per cent, nitric acid with 
190— 3S0 grams of sulphuric acid or sulphuric acid containing 
25 per cent, of sulphur trioxide. The sulphuric acid is added to 
the product, and care is taken that- the temperature does not rise. 
The sulphuric acid from the bubbler ill), which contains a little 
nitroform, is also introduced. The mixture may be then directly 
distilled, but it is preferable to heat it. finally to 90 — 95°, under 
reflux until gas ceases to be evolved; this operation usually occupies 
about four hours. For reasons given in the foregoing, it is 
important that the product is mixed with sulphuric acid as soon 
as possible after the passage of the acetylene. That this mixture 
should then be kept for some time before heating or distilling is 
immaterial. 

On cooling, much of tile tetranitromethane will appear as an 

51 2 



296 ACTION or NITRIC acid ON ONSATUBATED HYDROCARBON'S. 

oil, or even crystals; it may be collected by means of carbon tetra- 
chloride or petroleum, but isolation by distillation is simplest. 

The eSect of certain variations in this procedure may be noted. 
The proportion of sulphuric acid may even be reduced below the 
limits given in the foregoing without producing any considerable 
diminution in the yield. Even if the proportion H 2 S0 4 :HN0 3= 
0-75:1 by weight, the yield of tetranitromethane is only reduced 
by 10 per cent. The heating or the distillation of such a mixture 
is, however, attended with risk, as sudden decomposition, with 
evolution of gas, may ensue. 

The addition of 20 — 25 grams of nitric acid to the mixture of 
the product and sulphuric acid before heating or distilling leads 
to an improvement of the yield (some 10 per cent.), especially if 
the conditions have otherwise been unfavourable; for example, if 
an excessive volume of acetylene has been passed into the nitric 
acid, or the temperature has been low, or the nitric acid too dilute. 
Under the conditions outlined in the foregoing, such addition of 
nitric acid has little, if any, effect. 


As examples of the operation, the two following may be cited. 
The largest quantity of tetranitromethane (23’2 grams: 410 per- 
cent. on the acetylene) in one operation was obtained by passing 
5 litres into 138' 6 grams (90 c.c.) of absolute nitric acid at 30° with 
0-55 gram of mercuric nitrate in suspension. A better yield, of 
453 per cent., was obtained by passing 4-6 litres into the same 
quantity of nitric acid diluted with water to 95 per cent, at the 
same temperature and with the same quantity of mercuric nitrate 
in solution; the weight of tetranitromethane isolated was 22'3 

grams. . 

The Purification and Properties of Tetranitromethane .-- The 
crude material, after washing with water, is nearly colourless, and 

melts at 13-4 13-5°. Thorough washing with dilute aqueous 

sodium carbonate does not change the melting point. After partial 
freezing and pouring off the remaining liquid three times, the sub- 
stance melted at 13-75°, and the melting point was not raised by 
further fractionation. It has Dk y T65009. 


University College of N. Wales, 
Bangor. 


[Rcrrivrd, January 19 - 0 .] 
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XXXVII. —Synthetical Experiments with BB'-Dichloro- 
elhyl Sulphide. 

By William Davies. 


a consideration of the formula of penthiophencarboxvlic acid (I) 
' i4 2 

(I-) 


s CH 9 *CH^ b 


s <ch!'.ch:> ch -co,h 


2 

(II.) 


leads to the expectation that this acid would show properties ana- 
logous to those exhibited by benzoic acid. In order to test this 
hypothesis and with the object of synthesising penlhiophencarb- 
oxylic acid, an attempt was made to condense /3(3'-dichloroethyl 
sulphide with ethyl sodiomalonate, when it was expected that ethyl 
l-thiopentamethylene-4 : d -dicarboxylate would be produced, and 
that this ester, oil hydrolysis and elimination of carbon dioxide, 
would yield l-thiopentamethylene-4-carboxylic acid (IT). This, on 
successive bromination and elimination of hydrogen bromide, 
should furnish the desired penthiophencarboxylic acid. 

The condensation with ethyl malonate proceeded, however, in a 
different direction, as was evident from the fact that the product 
of the reaction, namely, ethyl y-thiodiethylmalonate (which could 
not be obtained in a pure state), on hydrolysis and elimination of 
carbon dioxide, yielded y-tliiodibutvrie acid, 
S(CHpC'HXTl,-CCl,H),. 

This acid was obtained in shining leaves melting at 97 — 98°, and 
[or a dibasic acid is surprisingly sparingly soluble in cold water. It 
had already been described by Gabriel (Her., 1890, 23, 2493), who 
prepared it (m. p. 99°) by hydrolysing the nitrile obtained by heat- 
ing y-chlorobutyronitrile with potassium sulphide. 

Since the inalonic ester condensation did not give, the desired 
result, flfb-dichloroethyl sulphide was condensed with ethyl sodio- 
acetoacetate, and the condensation product submitted to alkaline 
hydrolysis. The acid isolated was again y-thiodibutyric acid, show- 
ing that the condensation had resulted in the formation of ethyl 
ea'-diaceto-y-thiodibutyrate, thus : 


o/CHpCHjCl 2CH 3 -C0-ClI 2 -C0 2 Et 

' ulHj'CHjCl + +2NaOEt 

^CH/CHj-CIlAc'COjEt 
■ ^CHj-CHj-CHAc-COjEf 
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On alkaline hydrolysis this ester is decomposed in the usual 
manner to produce y-thiodibutyrie acid. 

It is noteworthy that a much better yield of -y-thiodibutyric acid 
was obtained in the condensation with ethyl acetoacetate than ; n 
the corresponding experiment with ethyl malonate. 

The conditions of experiment in the condensation with these two 
esters were varied (see pp. 302, 304), but in no case was there any 
evidence of ring-formation. The attempt to synthesise 1-thiopent.a. 
methylene-4-carboxylic acid had therefore to be abandoned. 

Experiments were next made on the action of potassium cyanide 
on £j3'-dichloroethyl sulphide in the hope of obtaining W'-dicyano- 
ethyl sulphide, S(CH ; , , CH., , CN). i . 

The nitrile, obtained, however, was found to possess the abnormal 
formula C c II 12 S 2 (CN).,, and yielded on hydrolysis tile anl, 
C„II 1 .,S,(CO.,Hy It is possible that the nitrile has the composition 
CN-CHVCHs-S-CIL-CIL-S-CHj-CHj-CN, but the matter has not 
been further investigated. 

The next experiments were made with the object of preparing 
tetrahydrothiophen by the action of metals, especially sodium, on 
(S^'-dichloroethyl sulphide. Molecular sodium has, however, uo 
action on the dichloro-derivative in boiling xylene, and when sodium 
is heated with it without diluent, there is no sign of reaction until 
the mixture is boiled, and then the sodium suddenly takes (ire and 
forms sodium sulphide a* well as sodium chloride. Boiling the 
dichloro-derivative with molecular silver and with finely divided 
copper also gave a negative result. 

The action of /30'-dichloroethyl sulphide on ammonia was then 
investigated, with the object of preparing 1 : 4-thiazau, thus: 


^CH,'CH,01 
h uIHj'CHjCl 


+ IiH 8 


S< 


CHj-CHj 

CHj'CHj 


>m 


Several alkylthiazans have already been prepared from 00 ! -di- 
chloroethyl sulphide by the action of amines (Clarke, T., 1912, 101. 
1583), but the parent substance has not been described. 

ftS'-Dichloroethvl sulphide reacts only sluggishly with dry gaseous 
ammonia, even at, 150°. On the other hand, when healed with 
excess of alcoholic ammonia under pressure at G0°, it is readily 
converted into 1 A-thuizan. Thiazan is a colourless liquid with a 
characteristic odour and boils at lG9°/758 mm., or 5° higher than 
methylthiazan as recorded by Clark {lor. cit.). It has most of the 
properties common to organic bases, but the phttiniehhr'nh has the 
formula B,HCl,PtCl 4 , and the mode of formation of the hydro- 
chloride (see p. 3071 tends to show that the sulphur atom, as well 
as the imino group can attach hydrogen chloride. Thiazan reacts 
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readily with potassium, and the picrate and pkrolomte are charac- 
teristic, crystalline substances melting at 198° and 242° respectively. 
Thiazan combines with one molecule only of ethyl iodide, yielding a 

crystalline ethiodide. 

The sulphone and sulphoxide corresponding with 00'-diehloro- 
ethyl sulphide (compare Spica, Gazzetta, 1919, 49, ii, 299) are 
colourless, crystalline substances which do not possess the 
characteristic physiological properties of the parent sulphide, but 
the sulphone, especially in the form of fine dust, causes sneezing. 

The jBjS'-dighloroethyl sulphide used in these experiments was 
kindly supplied by the Manager of the Avonniouth factory, where 
it, was made by the sulphur monochloride process. It is noteworthy 
that it contained about- 0 5 per cent, of diethylene disulphide, 
whilst the German “mustard gas,” made by the thiodiglycol 
process, contained very much more. 

K SPEIIUIENTAL. 

Purification of J3/3 ' -Diehl oroetliyl Sulphide. 

The crude substance is best purified by distillation in a vacuum, 
but the fraction of constant boiling point still contains a trace of 
diethylene disulphide. This can be practically completely removed 
by distillation under ordinary pressure, as the disulphide very 
readily sublimes at 190°, before the boiling point, 217°, of the 
dichloro-derivative has been reached. It is, however, more con- 
venient to retain the small amount of impurity, and, after a reac- 
tion, to distil off the disulphide and unchanged dichloro-derivative 
in a current of steam. 

The disulphide is very volatile, has a disagreeable odour, and 
melts at 111 0 (Found : C -- 39 S ; II - G S. C.ll.S, requires C = 40'0 ; 
II = 6 7 per eent.V It was conclusively identified by a determin- 
ation of the melting point when mixed with the diethylene 
disulphide (in. p. 111°), obtained by boiling alcoholic sodium 
sulphide with ethylene dichloride (compare Masson, T., 1886, 49, 
235). 

Pure ftS'-dichloroethyl sulphide boils at 120°/34 mm. and 122 5°/ 
37 mm„ and readily soiidifies in cold weather, forming long, colour- 
less needles, which melt at 13'5° to a liquid having a density of 
about 1'28 at- the ordinary temperature. It is very sparingly 
soluble in water (compare Hopkins, ./. PJnV'in. L.rpt. Thcr ., 1919, 
12, 393), but can be readily hydrolysed by boiling alcoholic sodium 
hydroxide solution. This reagent and nitric acid are convenient- 
substances with which to clean vessels that have contained 
dfi'-dichloroetliyl sulphide. 
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The sulphone is formed in almost theoretical amount by adding 
/3/3'-dichloroethyl sulphide to excess of fuming nitric acid (D 1 - f5 0) 
the vigorous reaction being completed by cautiously boiling for a 
short time. On cooling, pouring into water, and keeping over- 
night, the sulphone is precipitated, and crystallises from alcohol 
in colourless, lustrous laminae melting at 53-5°. An incautious 
smell of the crystals may cause violent sneezing. The sulphone is 
volatile in steam . As it is extremely difficult to detect the chlorine 
by the ordinary sodium test, it is better to reduce the sulphone by 
sodium in alcohol prior to testing (Found: C = 2 5 • 3 ; H = 4-2- 
8 = 16-9. CjHjOX'LS requires C = 25-l; H=4-2 ; *8 = 16-75 per 
cent..). 

The sulphoxide is formed quantitatively by gradually adding 
dS'-dichloroethyl sulphide to excess of cold ordinary nitric arid and 
allowing the solution to remain for twenty-four hours at the 
ordinary temperature. The liquid is then rendered slightly alkaline 
by sodium carbonate, and the sulphoxide is precipitated. It 
separates from alcohol in colourless crystals melting at 109-5°. It 
dissolves readily in organic solvents, but is only sparingly soluble 
in water, which it renders faintly alkaline (Found: C =27 3 ; 
H = 4-5. C 4 H s OC1oS requires C=27-4; H = 4 G per cent.). 


Con'fanmtion of Ethyl Sotfiomtilonnie noth fifl'-Dichloroethyl 
Sul phide. 

To a mixture of fl/^-dichloroethyl sulphide (25 c.c. :1 mol.) and 
ethyl malouate (68 c.c. : 5 per cent, excess of 2 mols.) was slowly 
added a cold solution of sodium ethoxido prepared from 9'8 grams 
of sodium (a per cent, excess of two atoms) in 150 c.c. of absolute 
alcohol. There was a slight evolution of heat, the liquid became 
cloudy, and yrith occasional shaking during half an hour the con- 
tents of the flask liecamo almost solid through the deposition of 
sodium chloride. The product was allowed to remain overnight, 
the reaction completed by boiling for one hour on the water-bath, 
the alcohol distilled off, and the residual white mass treated with 
150 c.c. of water and distilled in a current of steam. A little 
unchanged ethyl malonate passed over, together with a trace of 
diethylene disulphide. 

There remained in the flask a heavy oil, which was extracted 
with ether. The ethereal solution was dried and evaporated, when 
the residual oil weights! 45 grams. This oil, which undoubtedly 
consisted largely of ethyl y-thiodiethylmalonate, was a very pale 
yellow liquid with a not unpleasant odour somewhat reminiscent 
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of celery. As it decomposed on attempted distillation under 
diminished pressure, it could not be obtained in a pure state. Since 
its hydrolysis by aqueous or alcoholic alkali is liable to he very 
violent, aqueous alkali was at first employed, and the following 
procedure adopted. 

The ester (15 grams) was poured into 100 c.c. of sodium hydr- 
oxide solution (47 per cent.), and the mixture shaken. The heat 
given out was sufficient to cause the liquid to boil gently, and this 
ebullition was maintained by the careful addition, with constant 
shaking, of a. further 30 grams of the ester. The reaction having 
subsided, methyl alcohol (100 c.c.) was added, and the mixture 
boiled for two hours. After removing the ethyl and methyl 
alcohols by, distillation, and cooling the gelatinous sodium salt 
which was formed, hydrochloric acid (200 c.c. of 30 per cent.) was 
added, and the thio-acid extracted six times with ether. The 
ethereal solution was dried and evaporated, leaving 17 grams of a 
brown syrup, which showed no tendency to solidify after scratching 
and keeping in a vacuum over sulphuric acid at 0° for a week. 
This crude acid was moderately soluble in water, and from it 
crystalline y-thiodibutyric acid was obtained, in the following way. 
Carbon dioxide was eliminated by healing in an oil-bath for eight, 
hours at 150 — 170°, when effervescence had completely ceased. The 
dark residual acid solidified on cooling, and a sample crystallised 
from ether melted at 40 — 60°. After boiling the ammonium salt 
of the acid with animal charcoal and repeatedly crystallising from 
water, the acid was obtained in colourless leaves with a nacreous 
lustre melting at 97—98° (Found: C = 46'0; H = 6-8. Equiv.= 
102-7. C s H 14 0 4 8 requires C=46'fi; H-6-8 per cent. Equiv.= 
103). 

y-Thiodibutyric acid is fairly readily soluble in hot water, very 
sparingly so in cold, but in order to obtain the acid in a crystal- 
line condition, the aqueous solution employed must be dilute, other- 
wise, on cooling, the acid is precipitated as a brown oil. The acid 
is moderately soluble in alcohol, ether, or benzene, and crystallises 
from the last-named in microscopic plates on adding light 
petroleum. The acid does not distil in a current of steam or under 
diminished pressure. The ammonium salt slowly decomposes, with 
precipitation of the acid, when its aqueous solution is allowed to 
remain for several weeks. 

Ethyl y-Thiodibutyrale. 

In order to ascertain whether the crude thiodibutyric acid con- 
tained any cyclic monobasic acid, the acid left after elimination of 



302 DAVIES: SYNTHETICAL EXPERIMENTS WITH 

carbon dioxide was esfccrified, and the ester fractionally distilled. 
The crude acid (41 grams), prepared from 100 c.c. of dichloroethy] 
sulphide and 272 c.c. of ethyl malonate, was esterified hy boiling 
for three and a-half hours with 200 c.e. of absolute alcohol and 
30 c.c. of concentrated sulphuric acid. The product was poured 
into water, extracted with ether, and the ethereal solution washed 
with sodium hydroxide solution and dried over calcium chloride* 
On distilling the ester, the first fraction, apart from a trace of 
diethylene disulphide boiling at. 107°/23 mm., consisted of 20 grams, 
which passed over at 180- 200°/23 mm. On redistillation, 
17 grams of this fraction were obtained at 188 — 197°/23 mm., 
mostly at 136°. The viscous, residual ester in the flask could not 
be distilled without decomposition, and has not been investigated. 

jSthyl y-tModibutyrate is a colourless liquid with a disagreeable 
odour, insoluble in water, and readily miscible with organic solvents, 
It boils at 185°/ 11 mm. and 196°/23 mm., and has < 1-4701. On 
hydrolysis, y-thioditmtyric acid (in. p. 97 — 98°) is formed: 

0-0953 gave 0-1941 CO., and 0-0738 11,0. C-55'G; H-8fi. 
0-1387 0-1224 BaS0 4 . S = 12-l. 

Cj:,H« 0 4 S requires C = 55-0; H=8-4; S = 12-2 per cent. 


Condensation of ffl-Dichhrorthyl Sulphide with Ethyl Sodio- 
- malonate in the Absence of Alcohol. 


In order to avoid any hydrolytic action of sodium ethoxide on 
the dichloro-derivative which may have taken place, even in the 
cold, the condensation was carried out in the following way. Ethyl 
malonate (136 c.c.) dried over calcium chloride was added to 
molecular sodium (20 grams) in boiling xylene. Dry benzene was 
added, and the mixture boiled gently on the water-bath. After- 
four hours, all the sodium had disappeared, giving rise to the 
gelatinous ethyl sodiomalonate. jSjS'-Dichloroethyl sulphide 
(50 c.e.) was slmvly added with shaking, and the benzene solution 
boiled for ten hours. The benzene was then removed, water added, 
the mixture distilled in a current of steam, and the residual ester 
worked up as before. The yield of ethyl y-thiodibutyrate was better 


* In the first esterification the catalyst used was hydrogen chloride, and 
the resulting ester showed the physiological properties of “ mustard gas, 
although there was not sufficient present to be separated by fractional dis- 
tillation. This trace of &8'-dichloroelliyl sulphide was clearly formed y 
action of hydrogen chloride on some thiodiglycol, doubtless obtained by the 
hydrolytic action of the slightly alkaline ethyl sodiomalonate on e 
derivative. Shoe the unexpected formation of W '-d.chloroethyl su^hde 
even in trifling amount is dangerous, sulphuric acid has een use 


catalyst in all esterifications. 
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than in the former experiment, the fraction b. p. 180 200 ° 1 

23 mm. weighing 12 grams. No other fraction was obtained. 

Condensation of ft8 ' -Dichlvroetkyl Sulphide with Etht/l 
Sodioacetoacetate. 

A cold solution of sodium ethoxide, prepared from 20 trains of 
podium and 300 c.c. of absolute alcohol, was added to a mixture of 
50 c.c. of /3/3'-dichloroethyl sulphide and 120 c.c. of ethyl aceto- 
acctate. There was a slight evolution of heat, and the reaction 
was facilitated by shaking. The contents of the flask set to a 
white mass in half an hour, and, after remaining overnight, the 
reaction was completed on the water-bath, the alcohol removed, 
water added, and the mixture distilled in a current of steam. The 
heavy oil, non-volatile in steam, was extracted with ether, dried, 
and found to weigh 127 grams (120 c.c.). It decomposed on 
attempted distillation under diminished pressure. 


lli/ilroli/eie of the Etht/l Arehmretate Derivative with Alkali. 

The 127 grams of the above ester were slowly added to 430 c.c. 
of 20 per cent, methyl-alcoholic sodium hydroxide. Frothing took 
place, but the hydrolysis was not nearly so vigorous as in the case 
of the condensation product from ethyl malonate. The hydrolysis 
was completed by boiling for six hours on the water-bath, and the 
acetone methyl and ethyl alcohols were distilled off, the mass of 
sodium salt being extracted with ether (extract .4) to remove any 
tliioketone, and then acidified by the addition of 330 c.c. of con- 
centrated hydrochloric acid. An oil was precipitated, which was 
extracted three times with ether, the ethereal solution being dried 
and evaporated. The brown acid weighed 17 grains, and began to 
crystallise after remaining at 0° in a vacuum over phosphoric 
oxide, The acid was esterilied by boiling for three hours with 
150 c.c. of alcohol and In c.c. of sulphuric acid, and yielded 
40 grams of ester, which gave 19 grams of a fraction boiling at 
184— 192®/ 11 mm., mostly at 185°, and having 1'4G99. The 
residual, viscous ester m the flask began to decompose on attempted 
distillation (Found: S = 12-6. 0 I ,1[..,0 4 S requires S = 12'2 per 
cent.). On hydrolysis, the ester furnished y-thiodibntyric acid, 
identical with that obtained from ethyl malonate, as shown by a 
mixed melting-point determination. 

The methyl ester was prepared from the crude acid in order 
to obtain an ester with lower boiling point-, and thus, so far as 
possible, to avoid decomposition oil distillation. There was still, 

M* 2 
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however, a large amount of residual ester, which could not be 
distilled, and the yield of methyl ester was the same as that of the 
ethyl ester. Methyl y-thiodibutyrate boils at 170°/20 mm., has 
■n% 1'4791, and is similar in properties to the ethyl ester: 

0- 24 65 gave 0‘2497 BaS0 4 . S=13'9. 

C w II ls 0 4 S requires S = 13'7 per cent. 

The ethereal extract (.4) contained a small quantity of an oil 
with an odour not unlike peppermint. There was, however, in. 
sufficient of this by-product, probably the thiodiketone, 
S(CH 2 -CH 2 -CO-CH s ) 2 , 

for its examination. 

Two modifications of the ethyl acetoacetate condensation were 
tried. In the first case, no alcohol was used, the ethyl sodio. 
acetoacetate being in suspension and solution in benzene. In tile 
second case, the sodium ethoxide was added to the dichloro deriv- 
ative mixed with one-half the quantity of ethyl acetoacetate used 
in the preceding experiments. After remaining for three hours in 
the cold when some salt was deposited, the remaining half of the 
ethyl acetoacetate was added, and the product worked up after 
remaining overnight. Ethyl y-thiodibutyrate alone was isolated. 
This confirms the common observation that the tendency to form 
the ring or open chain is not dependent on the relative amounts of 
the dihaloid and ethyl sodioacetoacetate. 

In these last two experiments, the condensation product was not 
distilled in a current of steam, and. with this exception, was worked 
up as before. The only ester obtained, however, was ethyl y-thio 

dibutyrate. 


The Action of W-Mchlo, methyl Sulphide on PaUutiutn Cyanide. 

In studying this reaction, care was taken to carry it out under 
•onditions as anhydrous as possible, absolute alcohol being used in 
order to reduce the hydrolytic action of the pota^.um cyan.de to 
a minimum. Thirty-five grams of finely _ powdered potas iu 
cyanide (about 30 per cent, excess) were mixed w.th 50 e 
absolute alcohol, and 25 c.c. of 00'-dichloroethyl sulpb.de add^ 
No stens of a reaction were observed on shaking, but when the 
liquid” was boiled, it soon turned brown, and white crus s, P 
sumably of potassium chloride, adhered to the sides of the^ 
The boiling was continued with occasional sha . mg or . 
and, while still hot, the alcoholic solution was filtered 
inorganic matter. The precipitate was extracted with ho ^ 
alcohol and filtered, the filtrates mixed , and A ^ 
alcohol distilled off. On cooling, the residual Uquu ■ - 
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oily mass, which was collected and crystallised from methyl alcohol. 
Small, brown crystals formed which, on recrystallisation from 
acetone and then from benzene, melted at 87 — 88°, although the 
crystals were still slightly brown. The substance was obtained in 
colourless, microscopic crystals, melting at 91 — 91-5°, by dissolving 
in benzene, precipitating, and repealing this procedure several 
times. 

The yield of this substance was poor, 25 c.c. (about 32 grams) of 
j3/3'-dichloroet.hyl sulphide furnishing 7 grams of the crude crystals 
melting at 87 — 88°. It is very readily soluble in methyl and ethyl 
alcohols, acetone, or benzene, moderately so in chloroform, and 
sparingly so in cold ether or light petroleum. It is insoluble in 
water, non-volatile in steam, and is rapidly hydrolysed by dilute 
boiling sodium hydroxide solution, ammonia being evolved in the 
process. It is insufficiently soluble in cold benzene or acetic acid 
for the molecular weight to be determined in these solvents by the 
cryoscopie method, and thus it became necessary to resort to 
naphthalene as a solvent, and also to the much less accurate ebullio- 
soopic method : 

0-1216 gave 0-2130 CO, and 0 06-17 H.,0. C = 47’8; 11 = 5-9. 

0’1152 „ 13'9 c.c. N.i at 15° and 757 mm. 17=14-1. 

0’3800 required 38-5 c.c. .Y'lO-NaOH for hydrolysis. 

N(as NH s ) = 14-2. 

0-2393 gave 0-5645 EaSO,. S = 32-4. 

0-376 in 17-83 naphthalene gave A*=— 0-70°. M.W. = 206. 

The elevation of the boiling point of ethyl alcohol gave values 
for the molecular weight varying between 180 and 220. 

C f H,„N 2 S., requires C = 48-0; 11 = 6-0; N = 14’0; S = 32-0 per 
cent- MAY. = 200. 

On hydrolysis with dilute alkali, this nitrile was quantitatively 
converted into the corresponding acid, which was surprisingly 
sparingly soluble in cold organic solvents, except methyl and ethyl 
alcohols. It was moderaielv soluble in boiling xylene, and very 
rapidly precipitated on cooling. When dissolved in hot water and 
the solution cooled, the acid verv slowly rrvstallised in pearly leaves 
which melted at 151—153°. This acid, like y-thiodibutyric acid, 
was sparingly soluble in cold water : 

0-1390 gave 0'2047 CO, and 0-0733 H.,0. C-40'2; H = 5-9. 

0-3733 „ 0-7175 BaSO,. 3 = 26'4. 

0-1650 neutralised 13*9 c.c. Y/10-NaOH, Equiv. = 119. 

C s H„ 0 4 S, requires 0=40*3 ; H = 5-9; S = 26-9 per cent. 

Bquiv. = 119. 

As already mentioned, it is possible that the acid has the con- 
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stitution C0 2 H-CH 2 -CH 2 -S-CHj-CH 2 -S-CH 2 -CH 2 -C0 2 H, and it ls 
hoped shortly to prepare an acid having the above formula. 

Since ffid'-dicyanoethyl sulphide had not been isolated, the 
attempt to prepare a six-membered ring containing five carbon 
atoms and one sulphur atom was relinquished. 


1 :i-Thiazan. 

A mixture of 32 c.e. of ftS'-diehloroethyl sulphide and 150 c.r. 
of freshly prepared 9 per cent, alcoholic ammonia was heated at 60° 
under pressure for four hours. By that time a mass of colourless 
crystals had separated, and the reaction was completed by heating 
at 100° for a further four hours. The crystals were washed nut 
with a little water, in which they were very readily soluble, excess 
of ammonia was expelled by warming on the water-bath, and the 
brown solution acidified by hydrochloric acid. . This liquid was 
then distilled in a current of steam in order to drive olT alcohol and 
any unchanged j3|8'-diehloroethyl sulphide. After cooling, the con- 
tents of the flask were rendered strongly alkaline by means of 
sodium hydroxide, and a small quantity of oil separated. The 
alkaline solution was extracted fourteen times with ether, the 
ethereal solution dried and evaporated, and the residual red oil 
(15 grams') distilled. About 9 grams of a fraction boiling at 

166 180°/758 mm. were collected, a large quantity of dark- 

coloured liquid being left in the distilling fiask. On redistillation. 
5 grams of a colourless liquid boiling at 168-170° (758 mm. were 
obtained. This was finally distilled over solid sodium hydroxide 
and boiled at 1G9 0, 758 mm. 

\-A-Thimnn is a colourless liquid, miscible with water and 
organic solvents, and ha? an odonr similar to, and yet more un- 
pleasant than, that of pyridine. It is a very strong base, fumes in 
acid vapours, and very' rapidly absorbs carbon dioxide from the 
air. When a drop was placed on a watch-glass, a scum was formed 
on its surface in a few seconds, and in the course of twenty minutes 
a non-deliquescent, white mass was produced, which dissolved with 
effervescence in dilute hydrochloric acid . Thiazan reacts vigorously 
with potassium on gentle warming, and hydrogen and a yellowish- 
brown solid are produced. 

Thiazan boils at 169°/758 mm. and 166— 167°/743 mm. It u 
noteworthy that this is slightly higher than the boiling point nt 
the methyl derivative, namely. 163 1 61° ' 757 mm. (Clarke, or. 

c it., p. 1586) : 
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01261 gave 0 2195 C0 2 and 0 0961 H,0. C = 47'5; H = 8’45. 
0-1641 „ 18-7 c.c. N» at 11° and 760 mm. N = 13’6. 

0-1378 „ 0-3077 BaS0 4 . S=30-7. 

CjH„NS requires C=46'6; H = 8-7; N = 136; S = 31-l per cent. 
The hydrochloride, C 4 H„NS,HC1, was obtained in white clusters 
of needles by adding a solution of hydrogen chloride in benzene to 
a benzene solution of thiazan until the mixture was only faintly 
basic. This procedure was adopted because passing hydrogen 
chloride into a benzene solution of thiazan resulted in the needles 
at, first formed being changed by the excess of acid to a yellow oil, 
insoluble in the benzene. This oil, on heating, gave off hydrogen 
chloride, and then, on cooling, the crystalline hydrochloride was 
regenerated. Probably the sulphur atom had developed latent 
basic properties and had taken up hydrogen chloride. 

Thiazan hydrochloride, after being washed with benzene and 
dried in a vacuum over phosphoric oxide, was obtained in colourless, 
deliquescent crystals, which softened at 145° and melted at 
160-165°: 

0'2174 required 15'5 c.c. .V/10-AgNOj. Cl = 2o'3. 

0-2192 gave 17-5 c.c. X., at 11° and 760 mm. N = 9-o. 

C 4 H 9 NS,HC1 requires Cl- 25-45; X = 10-0 per cent. 

The platmichloridc was prepared by adding platinic chloride 
solution to thiazan dissolved in dilute hydrochloric acid, and slowly 
separated as a yellow precipitate, amorphous even when seen under 
the microscope. The precipitate was collected after remaining 
overnight, well washed with water, alcohol, and ether, and dried in 
a vacuum over phosphoric oxide and then at. 70° in an air-oven. 
When dried at 100°, the platiniehloride darkens and loses weight, 
although it docs not melt below 250°. Owing to its insolubility, it 
could not be obtained crystalline : 

0-1206 gave 0-0502 Pt. Pt 416. 

OJIgNS.HCl.PtCl, requires Pt-409 per cent. 

The picratc is best produced by adding a dilute solution of picric 
acid in alcohol to an alcoholic solution of thiazan. In this way, 
blunt, pale orange needles are rapidly formed, which, after being 
washed with alcohol and dried in a vacuum, are pure. If the base 
is added to the alcoholic solution of picric acid, the picrate is apt 
io separate at once as an amorphous, yellow precipitate, which is 
difficult to purify. The picrate is sparingly soluble in alcohol, but 
fairly readily so in acetone, and melts and decomposes at 198° : 
0-3045 gave 0 21S9 BaSO,. S-9 9. 

C,H,NS,C 6 H 3 0 ; Nj requires S = 9G per cent. 



308 DAVIES : SYNTHETICAL EXPERIMENTS, ETC. 

The picrolonate was prepared in a similar way to the picrate. 
and crystallised from alcohol in deep orange, short prisms. It. 
darkened somewhat at 210°, and melted and decomposed to a very 
viscous liquid at 242° : 

0-2095 gave O' 137 6 BaS0 4 . S=9'0. 

C 4 H 9 NS,Ci„H e 0 5 N 4 requires 8 = 8-7 per cent. 

The Ethiodide, S<^h*.’cH*> N H< 'I ' ^ 

lb was thought of interest to see whether the sulphur atom in 
1 : 4-thiazan would develop its higher valency as easily as the 
nitrogen. It was noticed that when ethyl iodide was added to 
thiazan, a clear solution was formed, which rapidly became cloudy 
and, on keeping, deposited colourless crystals. The experiment was 
repeated by adding to thiazan a large excess of ethyl iodide mixed 
with an equal volume of alcohol, heating to boiling, and then allow- 
ing the mixture to remain in a desiccator overnight. A small 
quantity of colourless crystals separated, more being obtained on 
partial evaporation of the alcoholic solution. The substance was 
extremely soluble in water, moderately so in hot 90 per cent, alcohol, 
and sparingly so in cold absolute ethyl and methyl alcohols or in 
boiling pyridine. Other ordinary organic solvents had no appreci- 
able solvent action. The dried crystals darkened at about 230°, 
but did not melt below 260° : 

0'0608 gave 0'0553 Agl. 1 = 491. 

C c H 14 NIS requires 1 = 49 4 per cent. 

Only one molecule of ethyl iodide had therefore combined with 
one molecule of thiazan, the addition probably taking place at the 
nitrogen atom. 

The author desires to express his gratitude to Prof. W. II. Perkin 
and Dr. E. Hope for the valuable advice he received from them in 
the course of this work. He also takes this opportunity of grate- 
fully acknowledging a grant awarded him by the Board of Scientific 
and Industrial Research. 
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XXXVIII. — Some Derivatives < f Fisetol. 

By William Kershaw Slater and Henry Stephen. 
Fisetol dimethyl ether (II) was first isolated by Ilerzig ( Monatsh 
1891 , 12, 187) by boiling the telramethyl ether of fisetin (I) with 
alcoholic potassium hydroxide, the dimethyl ether of protoeatechuic 
acitl being formed at the same time. 

0 OMe 

iw/V^R \~/ 0Me + 2H 2 0 — »■ 

IXyOOMe n — 

CO 

(I.) 

, v OMe 


MelV 


'.OH 


!C0-CH 2 -GMe 


+ C'O.,11 



(II) 

In a similar way, the tetraethyl ether of fisetin was found to 
nive fisetol diethyl ether corresponding with II, At the present 
time, no fisetol derivatives of the type containing a free hydroxyl 
vroup in the o-position are known with certainty, and oi-hydroxy- 
resacetophenone (fisetol) (III), which possesses such a group, has 
not yet been described . 

Tambor and Du Bois (Iter., 1918, 51, 748), however, claim to 
have isolated w -2- dihydroxy -4- methoxyacetophenone (fisetol 
4-methyl ether) (IV) from u-bromoresacetophenone 4-methyl ether 
by conversion into the diacetate and subsequent hydrolysis of the 


Ho/NoH MeO| ,0H 

! JcO’CHj'OH l jcO'CHpOH 

(III.) ' (IV.) 

Sonn (Bcr., 1919, 52. [It], 993) has cast some doubt on this 
result, and states that the product obtained by the action of acetic 
anhydride and sodium acetate on the corresponding w chloro- 
resacetophenone 4-methyl ether in the manner described by Tambor 
and Du Bois is the diacetate of a-methoxycumaran-2-one. Auwers 
and Pohl (A nr, aim, 1914. 405. 243) also obtained 5-methoxy- 
cumaran-2-one from the above rhloro-compound by the action o 


hydrated sodium acetate in alcoholic solution. 

It seems probable, also, that fisetol and derivatives of it contain 
ing a free hydroxyl group in the w-positi6n will resemble the paren 
substance, to -hydroxy acetophenone (benzoylcarbinol), whic ^ is 
easily decomposed by warming in dilute acid or alkaline solution... 
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This is shown also by Herzig’s attempt to obtain fisetol by 
demethylation of the dimethyl ether (II) by treatment with 
hydriodie acid, which only resulted in the formation of tarry 
matter. 

Difficulties originating from the above statements have beer 
experienced in the present work, the object of which was an 
investigation of the synthesis of fisetol derivatives by a general 
method of preparation. 

The method depends on the synthesis of aromatic ketones devised 
by Hoesch (Her., 1915, 48, 1122), which is an extension of Gatter- 
mann’s svnthesis of aromatic aldehydes. Hoesch has shown that 
the condensation of a nitrile with a phenolic compound leads to 
the formation of a ketimine of the type ( UK . N H , H Cl , which is 
easily hydrolysed to give the ketone, R*CO‘K' . By condensing 
resorcinol with hydroxyacetonitrile, 5-hydroxycumaran-2-one (Y) is 
formed, and not fisetol, as would he expected. This fact imposes 
a limitation on the method, and from our experiments it appears 
that the method is limited by the presence of hydroxyl groups in 
the ortho- and <u -positions in the fisetol derivative formed in the 
reaction, a compound containing such groups being easily converted 
into the corresponding cumaran-2-one, as follows : 

0 


Ho/NoH 

JcO'CH/OH 


Ho/yv 

\/— co 
(V.) 


On the other hand, methoxyacetonitrile and resorcinol yield the 
stable fisetol derivative a-metho.njremetophenone (VI). Phloro- 
glucinol, on treatment with the same nitriles, gave 3 : o-dihydroxy- 
cumaran-2-one (VII) and 2 :4 


ho/\oh 

I JCO-CH./OMe 

\/ 

(VI.) 


0 


h()/\/\gh 2 



OH 

(VII.) 


0 


HO ( /N |OH 

yicO-CHj-OMe 

OH 

(VIII.) 


HO ///( '-HMe 



(IX.) 


one (VIII) respectively: Acetaldehydecyanohydrin resembles 
hydroxyacetonitrile in its behaviour on condensation 
resorcinol . yielding o-hy'1ro%ij-\-nitthyleHiiuiran-2-imt (IX). 
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In carrying out the condensations, it was found that the presence 
of sine chloride, as recommended by Hoesch, could be dispensed 
with, and it was only necessary to pass hydrogen chloride into a 
solution of methoxyacetonitrile and resorcinol in dry ether in order 
fo bring about the formation of the crystalline ketimine hydro- 
chloride, but the separation of the latter is only complete after the 
mixture has been allowed to remain for about live days in a 

refrigerator. 

The condensations in which hydroxyacetonitrile and acet- 
aldehydecyanohydrin were employed gave better results in the 
presence of zinc chloride, but the latter tends to cause decomposi- 
tion during the isolation of the product unless considerable care is 
exercised. With reference to Hoesch’s method, the preparation of 
resacetophenone has been repeated, using only resorcinol and aceto- 
nitrile in dry ether, and treating the resulting solution with dry 
hydrogen chloride. After remaining for five days in a refrigerator, 
the ketimine hydrochloride was decomposed in the usual way, and 
94 per cent, of the theoretical yield of resacetophenone was 
obtained. Resorcinol dimethyl ether was found to give- poor yields 
of 2:4-dimcthoxyacetophenone, but these were much improved by 
the addition of zinc chloride to the mixture after treatment with 
hydrogen chloride, and then allowing to remain at the ordinary 
temperature for several days. 

The following substances have been prepared in addition to those 
previously mentioned, and are described in a later part of the 
paper: 2-hydroxy-w-4-dimethoxyacetophenone (fisetol dimethyl 
ether) (X), ta-2 : 4-trimethoxyacetophenone (fisetol trimethyl ether) 
(XI), 5-methoxycumaran-'d-one (XTI), and 5-methoxy-l-methyl- 
rwnaran-2-one (XTIT). 

MeO, // \oH 

^ / JCO-CH 2 -O.Me 

(X.) 

0 

MeO/V^CIL 

k /- 00 

(XII.) 

The condensations of resorcinol dimethyl ether with hydroxy- 
acetonitrile and acetaldehydecyanohydrin, respectively, yielded pro- 
ducts which were not isolated in a pure condition. The ketimine 
which was formed in each case, on treatment with water and warm- 
ing. gave a white solid, which easily decomposed on concentrating 
the solution to obtain a further quantity of material. The amounts 


McO/NoMc 

Mco-oh s -omc 

(XT.) 

0 


MeOf Y N CHJIe 

I I ' 

\/ 00 
(XIII.) 
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obtained were in each case loo small for further investigation, but 
the properties of each substance closely resembled those of the 
corresponding o-hydroxyacetophenone, and hence probably con- 
sisted of < o-hydroxy-2'A-dimethoxyacetO'phenonc (XIY) and 2 : 4*di. 
methoxyphenyl a-hydroxyethyl ketone (XV). A brief description 
of the former only is given in the present paper, and both sub- 
stances are being further investigated. 

MeO/VjMe Meo/NoMe 

[ s/ !cO-CH 2 -OH b^'CO-CHMe-OH 

<xrv.) (XV.) 

Experimental. 

Hydroxyocttoniirite, HOCHj'CN. 

The method described by Polst-orlT and Meyer ( Ber ,, 1912, 45 , 
1911) for the preparation of hydroxyacetonitrile has been modified 
by substituting paraformaldehyde in place of commercial form- 
aldehyde solution. 

Potassium cyanide (32 5 grams :1 mol.) was dissolved in water 
(100 c.c.), and paraformaldehyde (15 grams) added in small por- 
tions, the temperature of the solution being maintained between 
0° and 5°. The paraformaldehyde dissolved, and, after the requi- 
site amount had been added, the clear solution was allowed to 
remain for one hour. The odour of formaldehyde had entirely 
disappeared by this time, the solution being then treated accord- 
ing to the method described by Polstorfi and Meyer. Hydroxy- 
acetonitrile was subsequently extracted from the aqueous solution 
by continuous extraction with ether in an apparatus designed for 
the purpose. The ethereal solution was dried with anhydrous 
sodium sulphate, two-thirds of the ether removed by distillation 
from a water-bath, and the remainder evaporated unoer diminished 
pressure. Slight decomposition takes place if the whole of the 
ether is removed on the water-bath. Pure hydroxyacetonitrile 
(29 grams) was obtained, which distilled at 102°/14 mm. 

Melhoxyacetonitrih, MeO*CHVCN . 

Hydroxyacetonitrile, prepared as described above, was methyl- 
ated by means of methyl sulphate according to the conditions given 
by Polstorff and Meyer {Joe. (it.). The product boiled at 120 . 
and the yield from 15 grains of formaldehyde was 27 grams of the 
pure substance. 

i n-Methoxyrexacetophenone ( Fi*etol Methyl Ether) (VI). 

Resorcinol (6'5 grams :1 mol.) was dissolved in ether which had 
been previously dried (50 c.c.), and methoxyacetonitrile (5 grams. 
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1 mol.) added. A current of dry hydrogen chloride was passed 
through the solution for two hours, which was then allowed to 
remain overnight. A yellow, crystalline mass separated, consist- 
ing of the hydrochloride of the ketimine, and it was found in later 
experiments that the yield of this substance is increased by keep- 
ing the mixture for about five days in a refrigerator. The ether 
was poured off from the crystals, and the latter were washed twice 
with small quantities of dry ether and then dissolved in methyl 
alcohol, from which the ketimine hydrochloride separated as a 
fine, white, crystalline mass melting and decomposing at 205 207° : 

0 1583 gave 9-2 c.c. N. (moist) at 17° and 753 mm. N = 6-67. 

C 9 H u 0 3 N,HC1 requires N = 6-45 per cent. 

The hydrochloride of the. ketimine was dissolved in water and 
the solution warmed at 80° for half an hour, the colour changing 
to a claret-red; further heating caused a darkening of the solu- 
tion with separation of tarry matter. At the end of the prescribed 
time, the solution was cooled, when a mass of crystals separated, 
and, after filtering and drying, the yield amounted to 8 grams, or 
about 70 per cent, of the theoretical. The substance crystallised 
from hot water in plates possessing a nacreous lustre, and melted 
at 136°. It is readily soluble in methyl or ethyl alcohols, ether, 
or benzene, and insoluble in light petroleum. With ferric chloride 
it gives a deep violet coloration, and reduces Feliling's solution, with 
the formation of a copper mirror. Tollens's reagent is also immedi- 
ately reduced, with the precipitation of metallic silver: 

0-1234 gave 0-2712 CO, and 0-0647 H.,0. C = 59’98 ; H = 5'82. 

C 9 H Ki 0 4 requires C = 59 91 ; H =5 - 5 per cent. 

The p-nitrophcnt/lhi/Jnr’onr was obtained by adding a solution 
of jMlitrophenylhydrazine in dilute acetic acid to an aqueous solu- 
tion of o-methoxyresacetopheuone. The hydrazone soon separated 
as a flocculent, yellow mass, which was immediately collected, and, 
after crystallisation from hot water containing a little ethyl alcohol, 
it melted and decomposed at 205°. On remaining in the air for 
several days, it becomes briek-red : 

0 - 1596 gave 18-2 c.c. N, (moist) at 19° and 769 mm. N = 13-4. 

C J5 H ]9 O s N a requires K = 13'25 per cent. 

2-Hi/(!ro.r!/-{aA-iIimetho.r;/acetophcnone (X). 

By methylating 1-8 grams of the compound described above with 
1'2 grams (1 mol.) of methyl sulphate in 10 c.c. of 5 per cent, 
sodium hydroxide solution and keeping the solution cold in ice- 
water, acidifying with dilute hydrochloric acid, and concentrating, 
l o grams of the monomethyl ether were obtained. After crystal- 
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Using from dilute alcohol, it was deposited in clusters of fine needles 
melting at 66°. There was no trace of the isomeric l-hydroxy-aA 

dimethoxyacetophenone. 

A similar case has been observed by Hoeseh (loc. at.), who found 
that, on methylating resacetophenone with one molecular propor- 
tion' of methyl sulphate, a quantitative yield of paeonol was 
obtained. 2-Hydroxy-m-4-dimethoxyacetophenone was also obtained 
in the following manner. 

Resorcinol monomethyl ether (3‘2 grams :1 mol.) and methoxy- 
acetonitrile (2-5 grams :1 mol.) were dissolved in dry ether (25 c.c.). 
and the solution was treated with a rapid stream of hydrogen 
chloride for one hour. Zinc chloride (1 gram) was now added, and 
the mixture allowed to remain for three days. A red oil separated, 
from which the ether was decanted, and the oil was washed twice 
with small quantities of ether. On treatment with water, it dis- 
solved. and on warming the solution, small, colourless needles soon 
deposited. These were collected and dried, and found to lie 
identical with the substance prepared by methylation. as above. 
After crystallisation from methyl alcohol, the substance melted at 
66°, which in both cases agrees with that found by Herzig (hir. 


u-l-A-Trimefhori/acetnphenone (XI). 

This compound was prepared according to the method stated bv 
Herziv bv methylating the substance just- described with methyl 
iodide's, ,d potassium hydroxide solution, and crystallised from 
alcohol in fine, silky needles melting at 61-62°. Methylation ot 
o-methoxvresacetophenone with two molecular proportions ot 
methyl sulphate at 60° for eight hours produces the same si, I, ■ 
stance, which separates from the alkaline solution A higher 
temperature during the methylation causes much decomposition, 
with the formation of tarry material. 

We have succeeded in preparing the above substance by co - 
densinv resorcinol dimethyl ether with methoxyacetomtnle. Ik 
process is similar to that already described The yield ho«u,. 
Is poor: 5 grams of the dimethyl ether and 2'a grams of the mt 
gave 1-4 grams of the product, that is, about 16 per cen . o 

theoretical. .... 

o-U yd roxj/cvmaran-2-one ). 

This substance was prepared by treating 3 grams (j 
hydroxy acetonitrile and 5-5 grams (1 mol.) of 
in 30 cc. of dry ether to which a little zme eh bride was ad ^ 
On passing a current of dry hydrogen chloride an(1 

tion, a crystalline deposit separated after r ^ te f n { wy . 

after twenty-four hours the mixture was treated in 
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The product, after crystallisation from hot water, in which it is 
sparingly soluble, was obtained in thin plates, which melted and 
decomposed at 240°, and gave no coloration with ferric chloride. 
(Found: C = 63'74; H = 4-06. C s H 6 0, requires C = 6+0 ; H^40 per 
cent.). The compound has already been described by Briihl and 
Friedlander ( Ber ., 1897, 30, 299). It reduces Fehling’s solution in 
the cold, and with Tollens’s reagent gives a silver mirror on 
warming. 

On treatment with acetyl chloride (1 mol.), the acetyl compound 
was produced, which crystallised from dilute alcohol in leaves melt- 
ing at 81°. 

5-Methox>/cunuiran-2-onc (XII). 

All attempts to methylate 5-hydroxycumaran-2-one were un- 
successful, the action of methyl sulphate and of methyl iodide in 
alkaline solution producing a viscid, resinous mass. It was 
ultimately prepared by condensing resorcinol monoinethyl ether 
with hydroxyaeetonitrile, and was the only product isolated from 
the reaction. No trace of to -4 di hydroxy- ton ethoxy res acetophenone 
was found in the aqueous solution after the separation of 
5-rnethoxycumaran-2-one, and rather less than a gram of the latter 
was obtained from 4 grams (1 mol.) of the ether and 2'5 grams 
(1 mol.) of nitrile. It crystallises from hot alcohol in pale straw- 
coloured needles melting at 120°, and has been fully described by 
Blom and Tambor (Ber., 1905, 38, 3589), Auwers and Pohl 
(Amnlen, 1914, 405, 264), and Sonn (!oc. c it.). 

a-IIydrory-l-A-dimetharyacetophenone (XIV). 

The condensation of hydroxyaeetonitrile with resorcinol dimethyl 
ether according to Hoesch's method gave a crystalline deposit when 
hydrogen chloride was passed into an ethereal solution of the two 
compounds. The deposit was dissolved ill water, the solution 
concentrated by warming on the water-bath for a quarter of an 
hour, and finally by allowing to remain in a desiccator for two 
days. A fine, yellow, crystalline substance was deposited which, 
after being collected, was found to be only sparingly soluble in 
water, but readily so in alcohol. The dilute aqueous solution 
reduced Fehling’s solution in the cold, giving cuprous oxide, and 
Tollens’s reagent gave a precipitate of metallic silver. On boiling 
the substance with water, it appeared to be volatile in steam, a 
crystalline deposit being observed on the cool sides of the tube. 
On prolonged boiling (about five minutes), decomposition took place, 
with the formation of an oily scum. This decomposition occurred 
almost immediately in the presence of hydrochloric acid or sodium 
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hydroxide. The purest sample of the compound obtained melted 
and decomposed at 127 — 129°, but there was insufficient for an 
analysis. 


2:4: b-Trihydroxy-ui-meihoxyacetophenone (VIII) . 

This substance was readily obtained from the condensation of 
methoxyacetonitrile and anhydrous phloroglucinol in the usual way 
The intermediate ketimine hydrochloride was isolated as a white 
crystalline powder after crystallisation from methyl alcohol, which 
decomposed without melting between 238° and 241°. On boiling 
it with water, a clear solution was obtained, from which fine, silhy 
needles separated on cooling. These were collected and recrystal. 
Used from hot water, and after drying in the air for several davs 
assumed a pink tinge and appeared to effloresce. A sample dried 
at 100° melted at 192°, and its aqueous solution gave a violet 
coloration with ferric chloride: 

0-1288 gave 0 2355 CO, and 0 0681 H,0. C = 49-87; 11 = 5-89. 

CjH^Oj requires C = 50-0; H--5'6 per cent, 

0-2451, on heating at 100° for two hours, lost 0'0203. 11,0=8 0. 

C 9 H 1(i O s ,H, 0 requires H_,0 = 8-3 per cent. 

On treatment with p-nitrophenylhydrazine in dilute acetic acid 
solution, a pale yellow, floceulent- precipitate was obtained, which 
rapidly darkened in colour, finally assuming a chocolate-brown, and 
it was apparent that oxidation had taken place. The hydrazone 
was not obtained in a condition of sufficient purity for a melting- 
point determination or analysis. 

Methylation of the above trihydroxy-compound with methyl 
sulphate gave u-2 :4 : 6-tetramethoxyacetophenone, which has been 
described by Herzig and Hofmann ( Tier .. 1909 , 42, 155), who 
obtained it by methylating 6-hydroxy-ca-2 : 4-trimethoxyacetophen- 
one, the latter being isolated as a decomposition product from the 
action of alcoholic potassium hydroxide on the pentamethyl ether 
of morin. 

The trihydroxy-compound (15 grams) was dissolved in 20 c.c. 
of sodium hydroxide solution containing 2 grams (6 mols.) of 
sodium hydroxide, and 4 2 grams (3-5 mols.) of methyl sulphate 
were added with vigorous stirring, rise in temperature being 
avoided. An oil soon separated, and, on cooling in ice-water, 
solidified to a pasty, crystalline mass, which was well drained. 
After crystallisation from methyl alcohol, the pure substance melted 
at 50°, and gave no coloration with ferric chloride (Found: 
C=59-86; H = 6-81. C,jII K 0 5 requires C = 60'0; H = 6’66 pet 
cent.). 
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3 : 5 Dihy(lroxi/cumaran-2-one (VII). 

Thia substance baa already been described by Sotin ( Ber 1917, 
50 , 1265). Aa previously stated, the same substance was prepared 
by the condensation of anhydrous phloroglucinol with hydroxy- 
acetonitrile. The ketimine hydrochloride which separated during 
the reaction was dissolved in water, and the solution warmed on 
the water-bath for half an hour. On cooling the red-coloured solu- 
tion, crystals soon deposited, which, after being collected and 
washed with a little light petroleum, were only faintly red, and 
on crystallisation from hot water the pure substance was obtained 
in colourless plates, melting at 248° to a dark red liquid. An 
aqueous solution of the substance gave a purple coloration with 
ferric chloride. 

The diacetyl compound was prepared by treating the substance 
with a few drops of pyridine, and then adding a slight excess of 
acetyl chloride. The mixture was warmed on the water-bath for 
one minute and then treated with water, and the oil which 
separated soon solidified. After crystallising the solid from methyl 
alcohol, it melted at 122°, and consisted of small, prismatic needles. 

§-Hydroxy-\-me.tliylcumaran-‘l-one (IX). 

Resorcinol (5'6 grams : 1 mol.) was dissolved in dry ether (25 c.c.), 
acetaldehydecyanohydrin (3'3 grams :1 mol.) added, and a current 
of dry hydrogen chloride passed into the solution for three hours. 
The ketimine hydrochloride separated during the process, and the 
quantity was increased by allowing the mixture to remain in a 
refrigerator for several days. The pale red, crystalline mass 
(about 8'5 grams) was dissolved in ice-water, and the solution care- 
fully neutralised with solid sodium hydrogen carbonate, when the 
ketimine was precipitated as a pale yellow solid (6 grams) : 

0-1490 gave 10-4 c.c. (moist) at 18° and 750 mm. N = 815. 

OjHjChN requires N = 8T>8 per cent. 

The ketimine was soluble in water or sodium hydroxide solution 
on warming, and in both cases the solutions became deep red, and 
ammonia was simultaneously evolved. The aqueous solutiou, on 
cooling, deposited a straw-coloured, crystalline powder, which 
proved to be 5-hydroxy-l-methylcumaran-2-one. The base is 
soluble in hot methyl or ethyl alcohols, and crystallises from the 
latter in faintly yellow, small prisms melting at 152°. It is in- 
soluble in benzene and sparingly soluble in ethyl acetate or acetone. 
Attempts to prepare a platinum salt were not successful, and 
resulted in the formation of tarry material, probably caused by 
oxidation. 
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The aqueous solution reduces Fehling’s solution and Tolleus's 
reagent. 

As stated above, on boiling the aqueous solution of the ketamine, 
the corresponding cumaranone derivative was obtained, which 
crystallised from hot alcohol in prisms. The latter are sparingly 
soluble in hot water, soluble in sodium hydroxide solution, giving 
a yellow coloration, and also in hydrochloric acid, producing a 
deep red colour. The substance begins to decompose at 233° and 
melts and decomposes completely at 238 240°. 

The aqueous solution of the cumaranone reduces silver nitrate 
solution, with the deposition of a silver mirror, and Fehling’s solu- 
tion is reduced on gentle warming, a precipitate of cuprous oxide 
being produced : 

01160 gave G‘2800 C0 2 and 0'0514 H.O. C = 65-80 ; H--=4'92. 

C 9 H 8 0 3 requires C = 65-85; H-4'87 per cent. 

Methylation of the above compound with methyl sulphate was 
unsuccessful, and resulted in the formation of a dark-coloured oil, 
which was difficult to purify. 


5 -M ethoxy-bnuth it!amaran-'2-one (XIII). 

Auwers and Muller ( Ber ., 1917, 50 , 1172) have already described 
the properties of this compound, but the following method of pre- 
paration of it is different from that employed by these investi- 
gators Resorcinol inonomethyl ether (2’5 grams :1 mol.) ami 
acetaldehydecyanohydrin (Vo grams :1 mol.) were treated with 
hydrogen chloride in dry ethereal solution. At the end of an 
hour, 0-5 gram of zinc chloride was added, and the mixture allowed 
to remain* at the ordinary temperature for two days. A reel oil 
separated from the ether, and the latter was then decanted and 
the oil washed several times with small quantities of dry ether. 
On pouring into water, a clear solution was obtained, which, how- 
ever became cloudy on warming and a colourless oil separated. 
This solidified on cooling, and the solid crystallised from methyl 
alcohol in long, thin needles melting at 60°. 

The present investigation is being continued on similar lilies, 
and in concluding this paper wo desire to thank Prof .apwor l 
for the interest he has taken in the work, and also for placm, 
various materials at our disposal. 


The Chemical Laboratories, 
The University, 

Manchester. 


[RfcciW, Fi binary fi Ih, 1920.] 
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XXXIX. The Effect of Heating on the Absorptive 
Power of Sugar-charcoal for Sulphur Dioxide. 

By Eamsa-s Middleton Winter and Herbert Brereton Baker. 

Di-ring the later stages of the war the absorptive power of charcoal 
for poisonous gases and lachrymatory vapours was of the greatest 
importance. In the earlier types of box respirators animal-charcoal 
was employed, but when the use of this type of respirator was 
extended to all troops, it became necessary to investigate other kinds 
of charcoal, of which an unlimited amount would be available. 
Experiments carried on at the Imperial College, chiefly by Prof. 
Philip, showed that, contrary to the earlier belief, wood-charcoal 
which had been subjected to long-continued heating gained so much 
in absorptive power that, in this respect, it was in no way inferior 
to annual-charcoal. 

It was thought worth while to investigate this question further, 
using the purest charcoal obtainable, and incidentally to find out 
whether this increase in absorptive power was associated with ally- 
other changes in the physical properties of the charcoal. 

The sugar-charcoal was prepared by heating the finest crystallised 
sugar until no fumes or odour were perceptible. After roughly 
powdering the mass, it was placed ill a hard-glass flask, in which it 
was heated in a vacuum. Chlorine was then admitted and allowed 
to remain all night. The flask was next heated to redness for half 
an hour, a vacuum being maintained in it by means of a good 
water-pump. Ike charcoal on boiling with water gave no indica- 
tion of the presence of chlorine or hydrochloric acid. It was heated 
in a inutile furnace for half an hour, powdered, and sieved. The 
particles between 04 and OS mm. in diameter were used in the 
experiments. 

The ash from different samples showed a very uniform percent- 
age, 0*113 being the mean value. 

Specific Gravity of the Charcoal . — The material which had 
been heated to about 900° in a muffle furnace for four hours had a 
specific gravity of 1*76, mean of six samples. 

That which had been heated for forty hours had a specific 
gravity of 1-84, mean of two samples. 

Absorptive rower of the Charcoal . — Sulphur dioxide was 
chosen for the first experiments, since the gas is easily obtained in 
a fair] y P urc state from the liquefied substance, and also because the 
amount absorbed is very considerable. 

Ihe gas was contained in a gas-burette over mercury, which, with 
d-s accompanying barometer tube, was surrounded by a jacket 
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through which water at a constant temperature was circulated. 
Sealed on to its exit-tube a long capillary tube communicated, by 
means of a mercury-protected, ground joint, with the thick hard- 
glass bulb in which the charcoal was placed. It was found impos- 
sible to weigh the charcoal in an open weighing tube, so rapid was 
its absorption of water vapour from the air. No lubricator was used 
for the ground joint. By means of a screw clamp on each side the 
parts of the joint were kept in close contact, and no leakage 
occurred when, as sometimes happened, there was a considerable 
internal pressure. Before admitting the sulphur dioxide, the bulb 
containing the weighed charcoal was exhausted by means of a 
Gaede pump, and heated to redness for two hours. It was then 
cooled in a bath containing melting ice, the same water, at 0° 
being circulated through the jacket of the gas-bufette. The latter, 
which had a volume of about 100 c.c., had beeu carefully calibrated, 
and the volume of the bulb had been determined by weighing its 
volume of mercury. It was feared that the volume of the bulb 
might change on heating when exhausted. This was not found to 
bo the case when the bulb was of sufficient thickness. 

On admission of the sulphur dioxide the absorption was very 
rapid for the first hour. It then became extremely slow, but in 
seventy-two hours no further absorption could be measured. Tbs 
results obtained were, with 1 gram of charcoal which had been 
heated previously for the times stated : 

Hours 4 40 42i 451 

C.c 97 195 241 288 

Saussure [Inn. Fhysik . [Gilbert], 1814, 47, 113) found, that one 
volume of charcoal of sp. gr. 1-57 absorbed sixty-five volumes of ' 
sulphur dioxide, or 1 gram of charcoal absorbed 38 c.c, of sulphur 
dioxide. 

Favre ( J nn. Chim. Phi/#., 1871, [iv], 24 , 247), with charcoal of 
the same specific gravity, found that 1 gram absorbed 105 c.c. of 
the gas. 

Conclusion . 

Charcoal, in a very pure form, has its specific gravity increased 
b) forty hours’ heating to 900° from 1*76 to 184. By the same 
treatment the amount of sulphur dioxide absorbed is increased from 
97 c.c. to 288 c.c. 

It is proposed to extend this investigation to the cases of other 
gases, and also to find if other physical properties of charcoal are 
affected by prolonged heating. 

Imperial College, 

LONDON. [ Received , March 'Srd, 1920.] 
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Oxidation of Methane. R. K. Bailey (US Pat 1319748) 
—Methane or natural gas is mixed with twice its volume of nitric 
ox ide and with sufficient oxygen or air to form nitrogen peroxide 
This mixture is passed through a porcelain or other inert tube 
heated to redness. Oxidation products, including formaldehyde 
are obtained. The oxidation is prevented from being carried too 
far by conducting the reaction products as quickly as possible into 
a cooling chamber, where they are brought into contact with a 
sludge of calcium carbonate, which unites with the oxides of 
nitrogen, except nitric oxide. Formaldehyde is recovered from the 
solution after separating the solids from the sludge. Instead of 
using calcium carbonate, the hot reaction gases may be brought 
into contact with calcium oxide to effect absorption of water thus 
preventing formation of nitrous and nitric acids, which if present 
would oxidise the formaldehyde. Reaction temperatures as low 
as 450° may be employed. Chemical Abstracts. 


Methyl Sulphate. T. H. Durham (U.S. Pat. 1317648). 

Methyl sulphate is produced, together with methyl hydrogen 
sulphate and methyl chloride, by treating methyl alcohol, prefer- 
ably with cooling, with chlorine and sulphur dioxide, the latter 
preferably being in slight excess throughout the reaction. Methyl 
chloride is removed by distillation at the ordinary pressure and the 
methyl sulphate under reduced pressure, or the products may be 
used together as alkylating agents. Chemical Abstracts. 

Improvements in the Manufacture of Aliphatic Nitrites. 

Paul Rene de Wilde (Brit. Pat. 133304).— Nitrites of aliphatic 
alcohols are produced by the reducing action of sulphur dioxide on 
solutions of the alcohols in pure or diluted nitric acid, or, altern- 
atively, a saturated alcoholic solution of sulphur dioxide may be 
mixed with nitric acid. As an example, 74 grams of isobutyl 
alcohol dissolved in' 100 grams of nitric acid (D 1375) yield on 
treatment with sulphur dioxide 85 grams of isobutyl nitrite. 

G. F. M. 


Preparation of Chloromethyl Carbonates. Andre K ling, 
D. Florentin, and E. Jacob (Compt. rend., 1920, 170, 111 — 113. 
Compare this vol., i, 139, and Grignard. Rivat, and Urbain, this 
vol., i, 139). — By the successive chlorination of methyl carbonate, 
mono-, di-, tri-, tetra-, peuta-. and hexa-chloro-derivatives are 
obtained, the most symmetrical derivative being obtained in each 
case. W. G. 


Properties of the Chloromethyl Carbonates. Andre 

Kling, D. Florentin, and E. Jacob (Comjri. rend., 1920, 170. 
234 — 236). — The physical properties of the nine possible chlorinated 
VOL. CXVIII, i. 
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methyl carbonates, the preparations of which have previously tiv,, 
described (preceding abstract), are given, as below: 


Formula. 

M. p. 

B. p./760 mm. B. p./50 mm. D ls . 

CHjCl-O-COgMe ... 

— 

139—140° 67° 

1-303 

CO(OCH 2 Cl) 2 

— 

176° 99° 

1-480 

CHCVO-COjMe ... 

— 

147° 72° 

1-121 

CHClj-O-COj-CHgCl 

— 

178° 102° 

1-562 

CCl a OCO a Me 

— 70° (viscous) 

165° 86° 

1-535 

CO(OCHCJ 2 ) a 

- 40° 

182—183° 105—100° l-ftia 

CC1 3 O COj CHoOl ... 

— 70° (viscous) 

150° (decomp.) 110° 

1-631 

CC1 3 0 C0 2 -CHC1. ... 

- 30° 

196° „ 115° 

1-686 

CO(OCCl 8 ) 2 ... "... 

78° 

203° „ 124° 


The substances which contain the group ‘OCC^ are 
toxic. 

particular! 
W. G. 


Organic Derivatives of Tellurium. 1. Dimethyl- 
telluronium Dihaloids. Richard Henrt Vernon (T. 1900 
117 , 86—98). 


The Industrial Chloromethyl Formates and their 
Analysis. Marcel Delepine [Bull, Soc, ckirn., 1920, [iv], 27, 
39 — 45). — The mono- and di-chloromethyl chloroformates are 
decomposed by dilute alkali according to the equations : 

C1-CO.-CH.C1 + U^O — 21101 h 00 2 + H-CIIO, 
(,’1-COyCHCl, + 11,0 = 3HC1 + CO. + CO . 

The corresponding mono and di-chloromethyl formates give 
II-CO/CIRCl + 11,0 = Il-COJI + II'CHO + HC1, 
H'CO./CTICl, + H,0 = 2HC1 + 2CO + H,0. 

The formaldehyde formed may be estimated by RomijiTs method 
(compare A., 1897, ii, 166), the formic acid by Fean de St. Gilles's 
method (compare .Inn-. Vhirn. I’hys., 1859, 55, 374), and the carbon 
monoxide by direct measurement of its volume after decomposing 
the material with sodium hydroxide. These results, together with 
the percentage of chlorine, enable an idea to bo formed as to the 
different esters present in industrial chlorinated methyl formates. 
[See, further, ./. Soc. Chau. Ind., 1920, 205a.] TV. G. 

Manufacture of Esters of Ethylenic Halogenhydrins, 

Sooikte Chimique des Usines du Rhone (Brit. Fat. 128911).— 
Ethylene halogenhydrin esters of the general formula 

r<;o,-cti 2 'Cii 2 x, 

where R is an alkyl or aryl group and X a halogen, are prepared 
by the interaction of ethylene oxide and an acidyl haloid in equ:- 
moleciilar proportions at a suitable temperature, depending on the 
particular acid chloride or bromide used. The reaction is con- 
veniently brought about by passing gaseous ethylene oxide through 
the acidyl haloid at ordinary atmospheric pressure, and quantitative 
yields are obtained. Examples are given of the preparation of 
] 5-chI oroetht-l acetate, b. p. 143 — 144°, from acetyl chloride at its 
boiling point, fS-chloroethyl chluroaceiate, b. ^p. 94 — 95°/12 nun- 
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from chloroacetyl chloride at 100°, Bchloraethyl benzoate, b. p. 
1 20_)22°/5 mm., from benzoyl chloride at 190 — 240°, ff-chloro- 
cthyl p-nitrobemoate., yellow crystals, m. p. 56°, from p-nitro- 
beiwoyl chloride at 190—240°, and k-bromoethgl acetate, b. p. 
163 °, from a mixture of equimolecular proportions of ethylene 
oxide and acetyl bromide kept for several hours at the ordinary 
temperature. 6. F. M. 

Colloid-chemical Studies on Soaps. Non aqueous 
Lyophilic Soap Colloids . Martin H. Fischer (i hem. Jzlng., 1919, 
27, 184 — 193). — The solvation capacities of various sodium soaps 
of the acetic series were determined. One gram-mol. of sodium 
aracliidate will take up 27'd litres of ethyl alcohol and still form 
a non-syneretic gel. The capacity of the lower members of the 
series becomes less as the molecular weight of the soap decreases. 
When a given soap is employed with different alcohols, tile solvation 
capacity increases as the molecular weight of the alcohol becomes 
greater. The author has elaborated 1m theory of lyophilic and 
iyophobic colloids. The theory oi soap gels is also dealt with. 
According to this, soaps form (.1 ) true solutions in a solvent at 
higher temperatures. On the other hand, (71), a gel, when the 
temperature is low, is a true solution of the solvent in the solvated 
soap. Between these two extremes there exist two stages, (71) 
solvated soap dispersed in the solvent, (O') dispersed solvent in the 
solvated soap. If the temperature of .1 is lowered, all these stages 
are obtained. This is also true when the temperature of D is 
raised. The ranges of temperature in which H or C exists are not 
necessarily the same when the temperature of .1 is being lowered 
as when the temperature of D is being raised, because of a hysteresis 
effect. There exists, therefore, a region of ambiguity which depends 
on the previous history of the system. Gelation capacity is for 
these reasons not synonymous with solvation capacity. The latter 
is the phenomenon generally known as swelling, which is a different 
process from liquefaction. Chemical Abstracts. 

Colloid-chemical Studies on Soaps. Martin H. Fischer and 
Marion O. Hooker (('Item, fin;/., 1919, 27 , 223 — 232. Compare 
preceding abstract.)— Solutions of sodium or potassium hydroxide 
ol various concentrations are added lo a standard aqueous solution 
of potassium oleate having the consistency of a syrup. As the 
concentration of the base is increased, the viscosity becomes greater 
until a gel is formed. Further addition of the base causes the 
soap to separate and the viscosity to fall rapidly. The separation 
ol the soap occurs at a lower concentration for sodium hydroxide 
than for potassium hydroxide. The addition of aqueous ammonia 
always lowers the viscosity, the authors’ explanation being that 
ammonium soaps are more soluble in water and are better solvents 
for water. Similar results are obtained when a sodium or potassium 
salt is added in place of the hydroxide, except that potassium 
acetate has a much greater salting-out effect than the chloride, 
nitrate, etc. Amnlbuium salts, on the other hand, emulsify the 

» 2 
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soap, but do not salt it out. Calcium or magnesium salts lorn 
insoluble or less hydrated soaps, and therefore the viscosity steadily 
decreases as more of the salt is added. Salts of the heavy metals, 
such as copper or iron, cause the soap to separate in hard lumps. 
The effect is additive when potassium hydroxide or a potassium 
salt is also added. Chemical Abstracts. 

Oleates and Stearates of certain Metals. Matheus 
n’ANDRAnE Albuquerque (Revista Chnn. para appl , 1916, [ii], 
1 reprint 8 pp ).— 1 The oleates and stearates of a number of 
metals were prepared by double decomposition of solutions of their 
salts with alkali soaps. The ethereal solutions of some of the 
metallic soaps oxidised on exposure to air; the action of hydrogen 
peroxide on the ethereal solutions was also ascertained. 

Colour of Oxidation Oxidation Stability of 

Metal. ethereal by air by H 2 0 2 peroxidisod 

solution. to- to- solution. 

Ac’ colourless . - 5' eUow 

Cu' amber-yellow bluish-green 


Colour of 
ethereal 
solution, 
colourless 
amber -yellow 
bluish-green 
colourless 
colourless 
almost colourless 
red 

colourless 
pink 
violet 
violet (V) 


dark green 


green (at once) 


yellowish-brown 
no colour change 
no change 
dark chestnut 
dark green 
orange-yellow 
violet 
no change 
not given 


stable 

stable 

very unstable 


Titanium soaps could not he obtained. The cuprous compounds 
were made from cupric soaps by reduction with hydrazine sulphate 
as well as by the action of alkali stearate and oleate oil moist 
cuprous chloride. The silver compounds were darkened by light. 
Bv means of the ethereal soap solutions, it. was possible to observe 
the absorption spectra of the various metals in the nou-ionaed 
state. The chromic compounds showed a strong absorption in the 

\\ . lv. b- 

yellow. 

[Preparation of] Maleic Acid from Benzoquinone by 
Catalytic Oxidation. J. M. Weiss and C R. Downs (b.S. M 
1318632) —Maleic acid is produced by dissolving benzoquino 
benzene and subjecting the mixture in the vapour phi * to « U g 
oxidation under conditions as described in U.S lat- 131M. ( ; 

vol, i, 236). Inert, diluent gases may lie employed to control t 
reaction. In the condensate obtained from the.reaction prodic 
there is usually present benzoquinone, maleic acid, benzene, 
aldehyde, water, and various other Ab3tract , 

[Preparation of] Maleic Acid by Catalytic Oxidatio. 
Of Benzene. .1. M. Weiss and C. R. Downs (U.S Pat, l 31863 ’^ 
The patent relates to a method of the same ^ a 

described above (preceding abstract) P re («” b J. . P th( , ° nW 
3QQ 550°, with subsequent recovery of maleic au 
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product. When equal weights of benzene vapour and air are 
passed over vanadium oxide as a catalyst at such a velocity that 
the mixture stays in contact with the catalyst about 0-25 sec., a 
maximum yield of maleic acid is obtained by maintaining the 
catalyst at 400 450°. Chemical Abstracts. 

The Mode of Pyrogenic Decomposition at High Tem- 
perature of Acetaldehyde, Metacetaldehyde, and Ethyl 
Alcohol. (Mlle.) Eglantine Peytral (Bull. Soc. chim., 1920, [iv], 
27, 34— 39).- -When acetaldehyde is submitted to a high tempera- 
ture for a very short time, the main decomposition is its conversion 
into carbon monoxide and methane, the molecule thus undergoing 
the least deformation possible. A second reaction proceeding at- 
the same time, but to a less extent, yields carbon monoxide, 
ethylene, and oxygen. If the time of heating is prolonged, other 
secondary products, such as acetylene and benzene, appear. 

Metacetaldehyde, under similar conditions, is first depolymerised 
to give acetaldehyde, which then undergoes the changes given 
above. In the case of ethyl alcohol, the principal reaction is its 
oxidation to acetaldehyde, which then undergoes pyrogenic decom- 
position, as described. A second reaction proceeding simul- 
taneously, but to a lesser extent, results in the conversion of the 
alcohol into ethylene and water. W. G. 


A Keto-glycol Derived from Mesityl Oxide. J. Pastureait 

and On. Launay (Bull Hoc. chim.. 1919. [ivl, 25, 593 — 597). — The 
crystalline compound, in. p. 123°. obtained by Wolffenstein (com- 
pare A., 1895, i, (144) by the action of hydrogen peroxide on mesityl 
oxide, is shown to be not a glycol, as described by him. but a 


peroxide of mesityl oxide. CH 3 '(XH'H<^~y p i( y and on hydro- 
lysis it loses oxygen and gives the glycol of mesityl oxide described 
by Harries and Pappos (compare A., 1901. i. 673). W. G. 


Lactose, J. Gii.lib (1 lee. trav. chim., 1920, 39, 88 — 125), — A 
more detailed account of work already published (compare A., 1918, 
i, 101, 155). ’ W. G. 


Lignin. Erik Haiku, und ( Arfo'v . Kem. Min. Ge.nl., 1918-1919, 
7, No. 8, 1 — 20). — Reviewing the results of previous workers, the 
author attaches most importance to those of Klason (A.. 1908, 
i, 717, and Srensk Pnpiterstiilninp. 1916, No. 17), derived from a 
study of the ligninsnlphonic acids; lint the regeneration of lignin 
from these derivatives by means of 70°f, sulphuric acid, a 
method also used by Koenig (Chew. Zrif., 1912, 36. 1101), requires 
one to two hours, and is accompanied bv considerable decomposition 
of the lignin. The author now finds that 28°f by weight 
of the wood of 11 hydrochloric acid-lignin is obtained by shaking 
1 part of finely powdered pine wood with 10 parts of 43°;, 
hydrochloric acid for fifteen minutes, rapidlv filtering, and wash- 
ing the residue free from hydrochloric acid. The product is a 
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pale brown powder with a strong odour of vanillin, and contains 
1'63% of combined chlorine. It gives a deep purple colour 
with phloroglucinol in hydrochloric acid solution, a pale yellow 
colour with aniline sulphate, a dark red colour with /j-phenylene- 
dimethyldiamine sulphate, a dark blue colour with equal parts of 
potassium ferricyanide and ferric chloride, but no precipitate with 
Maule’s reagent. A comparison of its methoxyl content with that 
of the original wood shows that about 20% of this is split off durm» 
the hydrochloric acid treatment. After introducing a correspond- 
ing correction, the author’s analytical results agree with Klason’s 
formula, (C 4 ,|H J(l O n I B , for lignin, but not with those of Cross and 
Bevan ("Cellulose,” iii) or of Green (Schwalbe, “ Chemie der 
Cellulose,” 1911, 448). Protocatochuic acid was identified areono 
the products of fusion of hvdrochloric acid-lignin with potassium 
hydroxide and lead peroxide, but acetic acid, oxalic acid, and 
catechol could not be detected. The formation of these products 
from wood (Lange, A., 1890, 228) is therefore due to other con- 
stituents than lignin. The author also investigated his product in 
regard to its furfuraldehyde content, solubility in bisulphites and 
in alkalis, the action of chlorine and bromine, its oxidation with 
alkaline permanganate and with potassium chlorate and nitric acid, 
and the results of dry distillation. .T, K. 

Salts of tf-HydroxytrimethvIenediglvcine and of ,V-Hydr. 
oxyraethylglycine . Hugo Krause (Ber., 1919, 52, |7J1, 

1211 — 1222). — The peculiarity (A. 1918, i. 156) attending the 
formation of the barium salt ( - 3H..O) of 0-hvdroxvtrimethvlene- 
diglycine (the harium salt containing V5TT..0 TA.. 1918, j, 6371 j s 
now stated to be non-existent) has been examined. It, is due to 
supersaturation, which, however, is not alwavs operative; in many 
experiments a noteworthy retardation of the crystallisation was 
never observed when technical formalin reacted with a freshly 
prepared solution of barium glvcine or when a solution of the 
latter which had been kept in the cold for an hour or longer was 
treated with formaldehyde solution containing or not containing 
methyl alcohol. The initiation of crystallisation bv the addition 
of a little, methyl alcohol (lor . rit.) cannot be regarded, therefore, 
as a proof that the alcohol plays a part in the reaction. 

A second harium salt of the same composition, 
C 7 TT 12 0-N,Ba,3TT.0, 

which is amorphous and extreme! v soluble in water, is obtained by 
treating a 25% solution of B-hydroxytrimethylenediglycine ui 
formalin, which has been kept for a few days, with the theoretical 
quantity of a 15% paste of barium hydroxide, and adding 8 vols. 
of 80% methyl alcohol to the resulting, almost clear solution. 

Some experiments on the simultaneous formation of the barium 
salts of iS-hydroxytrimethylenediglycine and .V-hydroxymethjv 
glycine indicate that the production of the latter is favoured by 
working at low temperatures with pure formaldehyde, any con- 
siderable excess of which is to be avoided. 
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In addition to the salts of A-hydroxymethylglycine already 
described (foe. cit.; A., 1919, i, 67), the following"have been pre- 
pared by the action of pure 33% formaldehyde solution on the 
metallic glycine salt: potassium, OH'CH.,-NH'CIT.,'CO.,K, 
amorphous, brittle mass, which is obtained in a purer form "by 
treating the nonnal lead salt with potassium sulphide; m/ium (at 
80° in a vacuum these two salts [2 mols.] appear to lose water 
[1 mol.], with the formation of anhydro-salts) ; barium ( ! 2H,0), 
microscopic rods; r.ahium ( + 1H,0), hygroscopic, amorphous 
powder. The copper and lead salts must be dried over calcium 
chloride, not over sulphuric acid (foe. erf.), which causes loss, not 
only of water, but also of a little formaldehyde. C. S. 

Behaviour of Carbamide towards Hydrogen Peroxide and 
a Simple Process for its Purification and Decoloration. 

Hermann Kunz-Krause (Kollaiil Zeitsrh.. 1919, 25. 240—241). 
—Carbamide is not affected in the slightest degree bv boiling it in 
aqueous solution with hydrogen peroxide, hut colloidal colouring 
matter, which is generally present in carbamide, is destroyed. 
Carbamide made from potassium cyanide which has been obtained 
from potassium ferrocyanide often exhibits a blue to green tint, 
which cannot he removed by recrystallisation. The colour is due 
to Prussian-blue, and is destroyed by boiling the carbamide with 
hydrogen peroxide. ,T. F. S. 

Carboalkyloxythioearbamides. Augustus Edward Dixon 
and Raymond Thomas Joachim Kennedy (T.. 1929, 117, 80 — 85). 

Preparation and Separation of Cyanates Soluble in 
Water. .T. D. Riedei. (D.R.-P. 314629; from Chem. Zentr., 1919, 
iv, 913).- Chlorine or bromine is directly added to highly concen- 
trated alkaline solutions of cyanides; formation of cyanogen haloid 
only occurs to a subsidiary extent. Sodium evanate is smoothly 
formed by this reaction, and is deposited in the solid state, from 
its solution as the process goes forward. The product is applicable 
to technical and pharmaceutical purposes. H. W. 

Free Thiocyanogen, Erik Soderback (Annalen. 1919, 419, 
217—322). — The author discusses the unsuccessful attempts of 
Diebig (1829 and 1844). Linnemann (1801). and Schneider (1866) 
to prepare thiocyanogen. Klason’s compound, (CN). ) S., , S. 1 (CN) s , 
obtained in 1886, is a cyanuric derivative. Quite recently, 
Bjerrum and Kirschner have detected small quantities of thio- 
cyanogen in aqueous solutions of complex gold thiocyanates, 

MAu(SCN) 4 . 

When an ethereal N - or .V / 10-solution of iodine is shaken with 
silver thiocyanate in excess, the colour of the iodine rapidly fades 
and yellow silver iodide is formed. The. reaction, however, appears 
to reach a state of equilibrium. As it is imnossible to separate 
completely the excess of iodine from the soluble product of the 
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reaction, the halogen is removed as far as possible by mercury arjj i 
the pale yellowish-brown solution examined. As the author expected 
it to be a dilute solution of thiocyanogen and to behave analogously 
to the halogens, it was treated with (1) chlorides and bromides 
whereby no appreciable effect was produced; (2) aqueous or 
alcoholic solutions of iodides (of cadmium, lead, silver, and 
mercury), whereby iodine was liberated; (.3) iron powder, whereby 
ferric thiocyanate was produced in such quantity that the solution 
became opaque; (4) mercury, whereby mercurous thiocyanate was 
formed ; (5) cuprous thiocyanate, whereby black cupric thiocyanate 
was formed; and (6) water, which slowly decomposed the thio- 
cyanogen producing thiocyanic acid, hydrogen cyanide, and 
sulphuric acid. 

The solvent ether can be replaced by acetone, absolute ethvl 
alcohol, chloroform, carbon tetrachloride, benzene, ethylene 
dibromide, or carbon disulphide. The reaction proceeds very 
slowly in the last solvent, but. almost reaches completion in chloro. 
form ; in every case, however, a state of equilibrium appears to be 
attained. 

The thiocyanates of potassium, zinc, cadmium, copper, and lead 
do not react appreciably with a solution of iodine, but mercuric 
thiocyanate reacts in the same way as silver thiocyanate. 

Much better results are obtained with bromine. A solution of 
bromine in drv ethvl ether, ethyl chloride, ethyl bromide, carbon 
disulphide, carbon tetrachloride, chloroform, benzene, or ethylene 
dibromide reacts completely with the thiocyanates of silver, lead, 
cadmium, mercury, zinc, thallium, and copper in accordance with 
the equation 2M8CN a- Br, — 2MBr + 2CNS, since the resulting solu- 
tion (in carbon disulphide or tetrachloridel is completely free from 
bromine, and in experiments with silver, lead, and mercury thio- 
evanates in which an excess of bromine was used. the. solid product 
of the reaction is the pure metallic bromide. The velocity of the 
reaction is influenced bv the solvent. A .V-solntion of bromine in 
carbon disulphide is decolorised bv lead thiocyanate in slight excess 
within a few minutes, whilst about half an hour is necessary when 
the solvent is drv ether. A solution of bromine in carbon 
disulphide dried with phosphoric oxide is not decolorised bv lead 
thioevanate after one hour, but is almost instantly decolorised by 
silver or mercury thioevanate. 

The solutions of thiocyanogen obtained above are usually faintly 
yellow, but are occasionally quite colourless. Tbc more concen- 
trated solutions have a stinking odour resembling that of thiocyanic 
arid, and stain the skin pale red. changing to yellow. The solu- 
tions become turbid on keeping and deposit yellow or yellowish-red 
amorphous products. The decomposition proceeds slowly in ethyl 
chloride or bromide or ether, and verv Tapidly in carbon disulphide. 
The amorphous products, which are different- from different solvents, 
appear to be mixtures consisting chiefly of polythiocvanogeii. 
(CNSV: about l°o of hydrogen is also present. 

Chlorine in carbon tetrachloride solution does not react with lead 
thioevanate, but. yields a solution of thiocyanogen and the corre- 
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spoiling metallic chloride by shaking with an excess of silver or 
mercury thiocyanate; sulphur chloride and cyanogen chloride are 
not present in appreciable quantities in the resulting solution 
The author’s usual practice for the preparation of°a solution of 
thiocyanogen is to treat lead thiocyanate with a dry ethereal solu- 
tion of bromine cooled by ice-water. 

The evaporation in a vacuum over sulphuric acid of an approxim- 
stcly iV / 2-solution of thiocyanogen in ethyl chloride, bromide, or 
ether left a clear, viscous, unstable, yellow oil. By cooling an 
approximately .T/2-solutiou in carbon disulphide to -70°, thio- 
cyanogen, CNS, is obtained in cruciform aggregates of almost 
colourless crystals, m. p. - 3° to -2°. The molten substance can 
be supercooled to -20°, but always resolidifies at -30°, giving 
well-defined rhombic plates. By allowing it to warm ’ to the 
ordinary temperature, thiocyanogen becomes reddish-brown and 
more viscous; finally, a yellow smoke is evolved and a dark brick 
red, amorphous solid is formed. Thiocyanogen dissolves extremely 
rapidly in ethyl alcohol or ether, but only slowly in carbon 
disulphide or tetrachloride. Thiocyanogen is at least as strongly 
electronegative as iodine. 

A solution of thiocyanogen reacts with zinc and cadmium 
(solvent, carbon disulphide mixed with about one-fifth the volume 
of absolute ethyl alcohol) to form the respective thiocyanates; with 
mercury (solvent, carbon tetrachloride) to form mercurous thio- 
cyanate ; with aluminium (solvent, dry ether) to form an etherate 
of aluminium thiocyanate. Al(SCN) s .2Et,0, extremely hygroscopic, 
colourless plates, which become friable, and ultimately a syrup in 
air; with tin (solvent, carbon disulphide mixed with a small 
quantity of drv ether) to form an etherate of stannic thiocyanate, 
Sn(SCN),.2EtoO, yellow, apparently prismatic, hygroscopic crystals, 
which change, into a syrup in air: with arsenic (solvent, carbon 
disulphide) to form uneniom thiocyanate, As(SCN) 3 , almost 
colourless crystals; with antimony (solvent, drv ether) to form an 
extremely hygroscopic antimony thioevanate (not isolated); with 
ail excess of iron (ferruni reductum) (solvent, dry ether) to form 
ferrous thiocyanate, and with a deficit of iron to form anhydrous 
ferric thioevanate, dark violet, crystalline powder ; with manganese 
(solvent, ether and alcohol) to form manganous thiocyanate; with 
nickel (solvent, carbon tetrachloride), cobalt (solvent, carbon di- 
sulphide and alcohol), and silver (solvent, ether) to form the 
respective metallic thiocyanates, and with gold (solvent, none) to 
form, apparently, a mixture of anrons and auric thiocyanates (not 
isolated). Many of the experiments with metal? are of a qualitative 
nature only. 

The molecular weight of thiocyanogen cannot yet. be determined. 
It does not yield well-defined piodncts by treatment, with organo- 
magnesium compounds. In order to ascertain which of its three 
atoms is the reactive one, a solution in dry ether was treated with 
mercury diphenyl, wbcrcl". plienvl thioevanate and phenyl mercuri- 
thiocyanate, Ph-Hg(SON), m. p. 231— 232’5° (Otto in 1870 gave 
m. p. 228—227°), were obtained : the. latter was also obtained from 
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phenyl mercuri-iodide and thiocyanogen in carbon disulphide sola, 
tion. Ethereal solutions of thiocyanogen and zinc ethyl react to 
form zinc thiocyanate and ethyl thiocyanate. 

Thiocyanogen in solution does not yield well-defined products 
with ammonia or aliphatic amines, but in cold ethereal solution it 
reacts with aniline in accordance with the equation 2PhNH 0 + 
2 CNS = NCS-C c H,j-NH 2 + PhNH s ,,HSON to form aniline thio- 
cyanate and p- thiocyaiioaniline , colourless, odourless needles (from 
water), m. p. 57 — 57'5°. When twice the quantity of thiocyanogen 
is used, the product is p -thiocyanoaniHne thiocyanate , faintly red 
crystals. By reduction with hydrochloric acid and zinc dust, y?-thio- 
cyanoaniline yields p-aminophenyl mercaptan, which was identified 
bv oxidation to the corresponding disulphide. In a similar manner 
thiocyanogen and dimethylaniline react in ethereal solution to 
form dimethylaniline thiocyanate and 'p-thwcyanodrmethiilanilin ti 
NMe 2 - C c H 4 - SCN, colourless, odourless crystals, m. p. 73 — 74°’ 
which yields p-dimethylaminophenyl mercaptan by reduction! 
Diphenylamine and thiocyanogen in ethereal solution yield thio- 
cyanic acid and ? : ’l-itithiocyanmlipltcni/hmine. NH(C (i HpSCN),„ 
faintly greenish-yellow needles, m. p. 120°, whilst triphenylamine 
under similar conditions yields thiocyanic acid and ? : Wif/iiV 
ci/anotriphent/lamine, needles, m. p. 115 -116°. 

Phenol and thiocyanogen in carbon disulphide solution road to 
form thiocyanic acid (which was not detected, however, being appar- 
ently converted by a secondary reaction into an insoluble, yellowish- 
brown substance) and p-thiuci/iwu/ihnw!, colourless, odourless plates 
of rhombic habit, m. p. .53 -54°, the constitution of which was 
proved by its conversion through /> hydroxypbenyl mercaptan into 
pp'-dihydroxydiphenyl disulphide, and also by its formation from 
p-thiocyanoaniline by the diazo-reaction. 

Some experiments on the competition of iodine and thiocyanogen 
in solution for a metal show that the equilibrium MSCN + T 
MI + CNS is largely dependent on the nature of the metal; in the 
case of cadmium, the reaction from right to left is practically 
irreversible. 

Stannous thiocyanate, produced by the interaction of lead thio- 
cyanate and stannous sulphate in aqueous solution, and obtained 
in colourless crystals from the hot filtrate after removing lead 
sulphate, is converted into the etherate of stannic thiocyanate by a 
solution of thiocyanogen in a mixture of carbon disulphide and 
ether. 

An ethereal solution of thiocyanogen reacts with mercuric 
cyanide (and also with silver or zinc cyanide) to form mercuric 
thioevanate and a substance which is identical with the cyanogen 
sulphide, (CN)„S, described by I.innemann and by Schneider; from 
this method of preparation, the substance might he cyanogen 
thiocyanate, CNuSCX. 

Several investigators have recorded the production of a very 
unstable, blood-red substance when a concentrated aqueous solution 
cf potassium thiocyanate is acidified with sulphuric acid and treate 
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with a solution Of sodium nitrite. This substance, which almost 
immediately decomposes, with the evolution of nitric oxide can 
also be obtained by treating a solution of nitrosyl chloride in carbon 
tetrachloride with silver thiocyanate at the ordinary temperature 
It appears to be nitrosyl thiocyanate, NO-SCN, since its solution 
which is relatively stable at - 17°, converts cuprous thiocyanate 
into cupric thiocyanate and metallic mercury into mercurous thio- 
cyanate, and reacts with aqueous sodium hydroxide to form sodium 
thiocyanate and sodium nitrite. The author has performed some 
preliminary experiments in which the substance is produced from 
nitric oxide and thiocyanogen in well-cooled carbon disulphide. 
The substance allies itself with the nitrosyl haloids in its properties, 
its position falling between those of the bromide and iodide. 

Although its molecular weight cannot yet be ascertained, the 
author is of opinion that the molecular magnitude and the con- 
stitution of thiocyanogen in solution are represented by the formula 
CN’S'S'CN. In accordance with this nitrile structure, a dry 
ethereal solution of thiocyanogen reacts with dry ethereal hydrogen 
chloride cooled with ice-water to form a precipitate of a colourless, 
crystalline substance, 2CNS,2HC1 (which becomes yellow above 100“ 
and changes gradually to a brown substance without melting), and 
a solution of a substance. 2CNS.IIC1, pale yellow prisms or plates 
of rhombic habit, m. p. 09 -70°. In contrast to the former, the 
latter substance, which is not formed when carbon disulphide, 
carbon tetrachloride, chloroform, or benzene is employed as solvent, 
is easily soluble in organic solvents and is unaffected by hot water. 
The substance, 2CNS,2IIC1, is converted by water into a substance, 
pale yellow, rhombic leaflets or needles, which decomposes without 
melting when heated, and has the composition of thiocyanogen 
hydrate, (CNS) ; ,ILO. The latter substance is regarded as 2 -imino- 

5-h-eto-\:Z:i-dithioa:oHt/ine, NIT^_ *1, since it presents 

several points of analogy to perthioeyanic acid (2-imino-5-thio- 
1:3: 4-dithioazoIidine ; Hautzseh and Wolvekamp, A., 1904, i, 718), 
particularly in its behaviour with cold aqueous potassium hydr- 
oxide, whereby sulphur is liberated and a colourless, crystalline 
substance, C.ON.SK, ( potassium cmnoiminothiocarbonate, 

cn-k:c[sk]-ok), 

analogous to potassium ditliiocyanate (cyanoiminodithiocarbonate), 
produced. The substance 2CNS,2HC1 is probably 5 :5-dichloro-2- 

g 

imino-1 : 3 : 4 dithioazolidine, When suspended in 

benzene, it reacts with aniline to form the hydrated hydrochloride 
of Fromm’s thiuret (A., 1893, i. 575), C s II-N.So,HCl,3H a O. 

C. S 


Photochemical Oxidation oi Potassium Thiocyanate, 

Domenico Ganassini (Bolt. ('him. Farm.. 1919, 58, 457 — 463). 
Under the influence of sunlight, aqueous potassium thiocyanate 
solutions undergo change, in which the atmospheric oxygen takes 

i* 2 
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part. With solutions of medium concentration, this change takes 
place with great rapidity, an amorphous, yellow precipitate of 
pseudocyanogen sulphide separating in most cases; if the eonceu- 
tration is either above or below a certain limiting value, the change 
is either entirely prevented or proceeds only very slowly. The 
concentration of the thiocyanate most favourable to the separation 
of pseudocyanogen sulphide is about 50% in the summer and about 
10% in the winter. The purer potassium thiocyanates, especially 
those quite free from traces of ferrous salts, are more sensitive to 
this reaction than less pure preparations. 

In addition to pseudocyanogen sulphide, the photochemical 
decomposition of potassium thiocyanate yields as constant products 
hydrocyanic and sulphuric acids, carbon dioxide, and ammonium 
salts, 12KCNS + 120,+ 611,0 = 6K,SO, + 3HCN + 3CO, + 3NH,+ 
2(CNS) 3 . Further, there is always formed an unstable, inter- 
mediate peroxygenated compound, which imparts a blue colour to 
fresh guaiacum tincture, and is possibly analogous to Caro's acid. 

Normal, decinormal, and ccntiuormal solutions of potassium thio- 
cyanate undergo these alterations, hut only with the first of these 
does separation .of pseudocyanogen sulphide take place. Although 
decomposed in this wav, the deci- and centi-normal solutions show, 
within certain limits of lime, no sensible diminution in titre, prob- 
ably owing to the replacement, at least in the early stages of the 
change, of the thiocyanate by an equivalent, proportion of the 
cyanide. T. H. P. 

Direct Passage from the Nitrous Esters and Nitro- 
compounds to Nitriles by Catalysis, Alpit. Ma i r. n e and 

(Mme) M. L. Bellecakdk (Hull. Soc. rhim., 1919. fiv], 25. 
53 g — 593). — ,By the catalytic, hydrogenation of isoamyl nitrite by 
means of reduced nickel at 280®. primary, secondary, and tertiary 
amines result, with a small amount of i-sovalerouitrile. If the 
temperature of hydrogenation is increased to 300- -320°, the yield 
of nitrile is considerably increased at the expense of the amines. 
At the same time, a certain amount, of isoamyl alcohol is obtained, 
owing to hydrolysis of some of the nitrite, and a portion of the 
alcohol then undergoes dehydrogenation, giving the corresponding 
aldehyde. Similar results were obtained with propyl, wbutyl, and 
heptvl nitrites. 

In the same way, at temperatures above 300°, nitromethane gave 
some, hydrogen cyanide and nitropentane some isovaleronitrile. 

W. 0. 

Fixation of Nitrogen in the Form of Hydrogen Cyanide 
by means of an Electric Arc, E. Brixer and A. Bakrtoss 
(Hrlv. ('him. Arhi. 1919, 2, 663- -666). Mixtures of hydrocarbons 
and nitrogen when submitted to the action of an electric ar® P r0 " 
duee hydrogen cyanide ill yields much superior to the yieW o 
ammonia obtained from nitrogen and hydrogen. ® 
employed is similar to that previously described (A., 1919, 
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The mixture of gases circulates at the rate of 8 — 10 litres per hour 
in a chamber where an arc of 0 020 amp. is burning between 
platinum electrodes 7 mm. apart. Using 12 parts of methane, 23 
of nitrogen, and 65 of hydrogen under 635 mm. pressure, 0-08% by 
volume of hydrogen cyanide is obtained. This gives a yield of 
0-46 gram of hydrogen cyanide per kilowatt hour, in addition to a 
yield of 0T4 gram of ammonia per kilowatt hour. In this case, 
the E.M.F. applied was 1020 volts. With the same mixture, but 
with ail E.M.F . of 420 volts, 0-12% by volume of hydrogen cyanide 
was obtained, which is 1-75 gram per KAY.H. and 0-44 gram of 
ammonia per K. IF.//. The best case examined is with a mixture 
of 1 part of methane and 5 of nitrogen at 505 volts, where a yield 
of 075% by volume of hydrogen cyanide was obtained, which is 
7'39 grams of hydrogen cyanide per KAY.JI. and 0 48 gram of 
ammonia per K AV .11. j p. g. 

Action of Carbon Monoxide on Sodium Alkyls. Walter 
Schoeller, Walter Schrauth, and Walter Essers ( Her., 1920, 
53, [B], 62 — 63).-- In reference to Schlubach's communication on 
this subject (this vol., i, 19), reference is given to earlier work by 
the authors on the action of carbon monoxide on mercury acetate 
(A., 1913, i, 1162). J, C. W. 

Preparation of o-Divinylbenzene. Julios von Braun and 
Ludwig Neumann (Her., 1920, 53, |B], 109 — 113). — The puie 
methiodide of o-di(-/3-diinelhylaminoethyl)beiizene, 
NMe/CbHpO-HpCJlpNMcJ, 

has m. p, 196°, and not 175 — 185° as previously stated (A., 1917, 
i, 130). When boiled with sodium hydroxide in a current of 
steam, the salt is decomposed into an amorphous, pale yellow poly- 
meride of o-diuinylbemene , C i; II 4 (CIIICII 2 ) 2 , m. p. 20G 207°, and 
also jj-o-viii yl phenyl etlaildimethi/Iamine, 

CH. 2 :CH - C c HpCH, - CH 2 -XMe 2 , 

which passes over in the steam. The base has b. p. 123 — 124°; 
13 mm., and forms a pieriitr. yellow leallets, m. p. 137°, a plntini- 
Moride, m, p. 167°, and a silvery methiodide , m. p. 209°. The 
corresponding quaternary ammonium hydroxide is stable in solu- 
tion. hut- yields the above polvmeride on evaporation. Seeing that 
the isolated unsaturated base is so stable, it appears that the 
extensive decomposition which it suffers in the above reaction is 
“induced ’’ by the decomposition of the other group. J. C. V, . 

The Two Isomeric Diph^nylindenes. A. OrLkiiofe ( Bull . 
So c . chilli ., 1919, [iv]. 25. 598 -600).— The author shows that, the 
diphenylindene obtained by him by the action of heat on aBy-tri- 
phenylpropeno dibromide (compare A.. 1914, i, 265) is really the 
a 0 -diphenylpropene, and that during the formation of its benzyl- 
idene derivative or its oxiniino-derivative it undergoes isomerisa- 
tion to the Sy-dipheuylindene described by Thiele and Ruggli 
(compare. A., 1912, i, 866 ). ^ ■ “• 
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Action oi Light on I-10-Bromophenanthrene-3{or 6)-sul. 
phonic Acid. Hakan Sandqvist ( Arkiv Kern. Min. Gaol., 1917-ig 
7, No. 4, 1 — 14). — In a previous paper (A., 1915, i, 795), the author 
has shown that the action of light on aqueous solutions of 10-bromo- 
phenanthrene-3(or 6)-sulphonie acid in hydrochloric acid decreases 
the viscosity of the solution, and has explained this as be-in g d ue 
to the light changing an a-form of the acid into the ft-forin. E ac ]j 
form was supposed to give salts with different solubilities, water of 
crystallisation, etc., but the further experiments of the author 
with the barium salt have not led to the isolation of two such 
isomerides. However, from the more soluble fractions of the 
barium salt, which had been exposed to an intense light,, a reddish- 
brown to black, varnish-like acid was obtained, which immediately 
lowered the viscosity of a sulphonic acid-hydrochloric acid mixture 
when added to it. From this dark acid, the dimethyl ester was 
prepared, and analysis showed it to be dimethyl monohromotli. 
phenanthri/Idimlplionate (annexed formula) ; the barium, salt was 
tVH,-Br(S0 3 ),Ba. It is the pro- 
duction of this acid by the action 
of light (oxidation) on the original 
sulphonic acid which causes the 
decrease in viscosity; the addition 
of 0 02% to the sulphonic acid-hydrochloric acid solution lowers the 
viscosity to one-third of its former value. 

From the mother licpiors of the above-mentioned barium salt, 
another substance was isolated, but not identified, which lowered 
the viscosity, but not to such a great extent. Phenanthra- 
quinone-3-sulphonic acid exerts a still less effect. The product, 
formed, together with II ]0-bromophenauthrene-3(or 6)-sulphonie 
acid in the bromination of phenanthrene-3-sulphonic acid (ibid., 
1917, 6, No. 13, 131 has exactly (lie same effect as the above 
mentioned product of the action of light, and is therefore probably 
the same substance. 

It is shown experimentally that the presence of monobromodi- 
phenanthyldisulpbonic acid or its barium salt accounts for the 
differences in solubility, etc., described in the previous paper (hr. 
«(.). T. S. P. 


(?)C l4 H,<gQ sMe (3 Qr 6) 

(10')C 14 H — SO a Me (3' or O') 


Amine Oxidation. I. Oxidation of Aniline. Stefan 
Goldschmidt (5cr., 1920. 53. \Ji], 28 — 44) .-—In Bambergers 
interpretation of the oxidation of aniline, phenylhydroxylamine is 
regarded as the initial product. Whilst this compound may very 
well lead ultimately to nitrobenzene, it does not offer a satisfactory 
explanation of the formation of the polvnuclear oxidation products, 
since it is not sufficiently reactive. It has been shown, however, 
that benzoquinonephenyldi-imine, which is regarded as the pre- 
cursor of aniline-black, and azobenzene, are the first demonstrable 
products of the oxidation by alkaline permanganate or bleaching 
powder, whereas these are not formed under conditions appropriate 
to cho production of phenylhydroxylamine, and ultimately nit-io* 
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benzene. It appears, therefore, that there are two different initial 
products, varying according to the conditions. Agents which 
readily yield atomic oxygen, such as Caro’s acid or hydrogen per- 
oxide, produce aniline oxide, and further developments follow as 
j„ the scheme: PhNH, — PhNH.,:0 — >• PhNII-OH — v pi, mo 
PhN0 2 , and PhNO + PhNII-OH -> PhN-NPh and 


phNO + PhlS H, - PhN.NPh. Under other conditions however 
the initial stage is represented by the removal of two atoms of 
hydrogen, subsequent changes being due to the activity of the 
phNl residue (compare A., 1913, i, 1173). This radicle may, for 
example, polymerise to azobenzene, benzoquinonephenyldi-imine, 
NPh:C 6 H 4 lNH, or emeraldine. This assumption is based on the 
(act that azo-compounds and quinonearyldi-imincs can be isolated 
when aniline, and especially its nuclear substituted methyl homo- 
logues having free para-positions, are. oxidised by lead peroxide 
The theory is considerably strengthened by the further fact that 
mixed azo-compounds and mixed quinonearyldi-imines are produced 
when two amines are oxidised together. 

The methylated quinonearyldi-imines are easily hydrolysed by 
acids to the original amine and the quinone, and may thus bo 
identified. They differ, therefore, from unsubstituted benzoquin- 
onephenyldi-imine, which mainly polymerises to emeraldine. This 
explains, therefore, why Willstiitter obtained only duroquinone in 
an attempt to oxidise aminodurene in acid solution to a methylated 
emeraldine (A., 1909, i, 899). 

In the oxidation of aniline itself, the base is dissolved in ether 
and shaken with lead peroxide and anhydrous sodium sulphate. 
The filtered oxidation products are then shaken with alcohol, 
ammonium chloride, and zinc dust to reduce the benzoquinone- 
phenyldi-imine to p-aminodiphenvl amine. A current of steam 
removes unchanged aniline and azobenzene, whilst the diamine is 
isolated as the sulphate. In the other eases, the ethereal solution 
is oxidised by lead peroxide and glacial acetic acid, the di-imine 
is then reduced by zinc dust, and the colourless solution is shaken 
with sodium carbonate to remove acetic acid. The dry ethereal 
solution is finally mixed with alcoholic oxalic acid to precipitate the 
oxalate of the aminodiarylamine. 

Aminodiffiwt/lamine, crystallises in concentric groups 

of needles, m. p, 157°, and may be oxidised by lead peroxide to 
thmquitumednryldt-imine, C i; HMe 4 -N'.C r Me 4 !NH, druses of reddish- 
brown needle*, m. p. 155 — 15G°, which yields aminodurene and 
p-duroquinoue, m. p. 1 1 0°, when mixed with an excess of hydro- 
chloric acid. 

l-Amino-2 : 3 : 5-cuniene gives rise to laorumrae [2 : 3 : 5 : 1 ' : 3' : 5 f - 
hemmtthylazohe,meiif\ m. p. 152 — 153°. aminorUcumt/lfimine, 
C„H„ 4 No, m. p. 138—139°, and eumaquinmecumyMtimine, 
0 t H,Me3-N:C,HM^:NH, stout prisms, m. p. 103°. 

From m 4 -xylidine are prepared azoxvlene (2 : 3 : 2' : 3'tetra- 
methylazobenzene), m. p. 111°, aminotlixyhjlaitrine. j-1 nm'nui 
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2:3:2' :3 l -tetramethyldiphenylamine\, m. p. 74 — 75°, and xyl 0 . 
quinonexylyUK-imine , brown rosettes, m. p. 67'5 — 68’5°. 

The oxidation of a mixture of aminodurene and m-4-xylidine j s 
described. The isolation of the products presents some difficulties, 
but xylylaminodurylamine [i-amino-2 : 3 : 5 : 6 : V : V-hexamethyUi- 
phenyiamine], m. p. 153 — 154°, is certainly identified by its oxitla- 
tion to duroqninonexylyldi-imine, m. p. 83 — 84°, and hydrolysis of 
this to duroquinone and the xylidine. Azodure.ne is also present; 
it forms reddish-yellow tablets, m. p. 80 — 81°. J . C. W, 

Intramolecular Rearrangement of the Alkylarylamines: 
Formation of 4-Amino-n-butylbenzene. Joseph Reilly and 

Wilfred John Hickinbottom (T., 1920, 117, 10.3 — 137). 


New Method for the Preparation of Alkylamines. Jmo 

Takeda and Sajijro Kuroda (J . Phnrm. Japan, 1919, 449 
561 — 608). — Styrene dibromide and carbamide react at 120— 130“ 

to form %amino-i-phenyl-4 :5-dihydro-oxa:ole, ^ 

the hydrolysis of which by alcoholic potassium hydroxide at 150° 
yields ammonia and f}-ht/dro:n/-a-])hcni/Iethylamine, 
NH.cCIIPh’CHpOH, 

the dibenzoyl derivative, m. p. 155°. of which has also been pre- 
pared by the following series of reactions, which prove its constitu- 
tion: COPh-CILBr — > COPh-CH.oOAc -> COPh-CH.pOH -> 
NOHiCPlrCH.cOH -h- NTIcCIIPh’CHVOH — >• • 

NHBz-CHPh’CH.,'OBz. 


On the assumption that the reactions proceed analogously to the 
preceding, anethole dibromide heated with half its weight of carb- 
amide at 120 — 130° yields 2-amino-4-\>-anis’/l-5-metht/l-A:o-<lihiifIm- 

orazole, O Me • C f> H ( • C H<^, ~ 1 rectangular columns, m, p. 


165°, the hydrolysis of which by alcoholic potassium hydroxide 
produces ammonia and 0-h)idri>ri/-a-\)-a>iisyl propylamine, 
OH-CHMe-CH(NH,)-C,.H 4 -OMe 

(hydrochloride, rn. p. 193°; copper derivative, m. p. 113°). Bromo- 
anethole dibromide and wosafrole dibromide also react with carb 
amide, yielding corresponding oxazolines, m. p. 20° and 175° 
respectively. Chemical Abstracts. 


Ketens. XXX. Preparation of a Keten imine Derivative 
from Diphenylketen . H, Stacdinoer and Jules Msyhr (Ber., 
1920. 53, [#], 72 — 76). — Triphenylphosphinephenyliniine (this vol., 
i, 107) reacts with diphenylketen in benzene solution in an atmo 
sphere of nitrogen to form triphenylphosphine oxide (I) and 
diphenylketenphenylimine (II), thus: 

PPh.-NPh 

?Ph ,:NPlH-CPh 9 :CO= 1 1 -> 0:PPh 3 and NPh.O.CPb, 

3 2 O C.CPh, 

5 (I.) (II.) 
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The same products are formed when triphenylphosphinediphenyl- 
methylene (ibid., 106) is treated with phenylcarbimide, thus: 

PPlyCPb, 

PPh.:CPh„ + NPh:CO =11 2 

3 2 0 CINPh 

* 

(I.) and (II.) 

In either case, the oxide is precipitated by the addition of light 
petroleum. 

Diphe.nylketenphent/liviinc crystallises in transparent, pale yellow 
tablets, in. p. 55—56°, b. p. 190- 195°/abs. vao. It has been 
sought for some time, in order to compare its properties with those 
of compounds with other systems of twin double linkings, such as 
ketens, -CiCiO, and carbimides, -NiCiO. Quite unexpectedly, the 
new compound, with the system -NiCiC:, is very stable and 
resistant to air, water, alcohol, and b^ies. When warmed with 
concentrated hydrochloric acid, however, it. yields diphenylacet- 
anilide. J. C. W. 

Certain Completely Substituted Aromatic Iminoaulphides. 

H. Rivier and Ch. Schneider (H 'eh. Chim. Ada. 1920. 3, 
115— 134).— The authors give an extended review of the literature 
relating to the formation of substances containing the group 
C-S-C-N, and their isomerides with the group C-N-CT8. The 
possibility of assigning definite formula; to the substances is based 
on the fact that the ehromophore, C— 3, is much more active than 
the group, C-S-C. From this point of view, the authors have 
revised and extended the work of Jamieson (A., 1904, i, 396), and 
have prepared a series of compounds which are either yellow or red, 
and which are therefore held to contain the groups -C-S-C- and 
C-S respectively. In only one case has the direct conversion of 
one form into the other proved possible, but a general consideration 
of the constitution of the products which have been isolated appears 
to justify the conclusion that- stability is conditioned by symmetry 
of the molecule. It is, however, remarkable that in the sole 
instance of actual transformabilitv, conversion is from the 
symmetrical to the less symmetrical form. 

Benzanilide sulphide. NPhX'Ph'S'CPhIXTh, intensely yellow 
prisms, rn. p. 211 — 212° (Jamieson, / or fit.; Rafio and Rossi, A., 
1915. i, 86. give 202 — 204°). is most conveniently prepared by the 
action of benzanilideiminochloride on the potassium salt of thio- 
benzanilide. It is converted by hydrogen chloride in ethereal solu- 
tion into the corresponding chlnnde. an amorphous, red mass, which 
is decomposed on exposure to moist air. 

a-Thiobenznaphthalide, yellow crystals, m. p. 149 — 150°, and 
fi-thiohenznapftthalide, yellow leaflets, m. p. 160 — 162°. are pre- 
pared by the action of phosphorus peniasulphide on a solution of 
the corresponding benznaphthalides in solvent naphtha. a-Benz- 
naphthaUde sulphide, S(CP1i 1K , C, 1 ,H 7 ).,. yellow, crystalline powder, 
ra. p. 130—131°, is formed in the same manner as benzanilide 
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sulphide; when its solutions are boiled for some time or are 
evaporated, it becomes transformed into thiobenzoyldi-a-naphthyl 
bemenylamidi ne, C 10 H 7 -N:CPh-N(C M II 7 )-CPh:S, red crystals 
m. p. 156 — 157°, but the reverse change could not be effected’ 
Hydrogen chloride and concentrated sulphuric acid convert the 
yellow substance into red salts, which are decomposed by excess of 
acid, whilst the red material is decomposed by acid, with formation 
of benznaphthalide and thiobenznaphthalide. The action of benz 
anilide iminochloride on potassium a-thiobenznaphthalide or of 
a-benznaphthalide iminochloride on potassium thiobenzanilide yields 
the substance, NPhlCPh'S’CPhlN-C,,,!!., yellow crystals, m. p 
176 — 177°, which yields an unstable, red hydrochloride, which is 
decomposed by excess of acid into thiobenzanilide and a-benz- 
naphthalide, showing that in the transformation which precedes 
the decomposition, it is the group NPh, and not N'CjoHj, which 
has exchanged places with the sulphur atom. Attempts to prepare 
^-benznaphthalide sulphide or the sulphide of benzanilide and 
^-benznaphthalide were unsuccessful. f-Dimethylaminobcm. 
anihde sulphide, S[C(C 6 H J -NMe,)lNPh] i , yellow needles or prisms, 
m. p. 155 — 156°, is best prepared by the action of potassium 
sulphide on /;-dimethylaminobenzanilidciminochloride hydro- 
chloride; it yields a yellow, crystalline hi/drochloride, 

C ai H"; .NjS.HHCL 

Excess of hydrochloric or sulphuric acid does not decompose the 
salts, which thus appear to have the same constitution as the free 
base. 

The action of thiobenzoyl chloride, Ph-CSCl, on diphenylbenzenvl- 
amidine, on di-a-mphthi/Iheincni/Ifimidine, pale yellow leaflets, 
m, p. 160 — 161°, and on di-13-naphthylbenzenylamidme, colourless 
crystals, m. p. 154 — 155°, has been investigated; in the first case, 
benzanilide sulphide was obtained, whilst positive results were not 
given by the naphthalene derivatives. 

Benzoylthiobenzanilide, COPh-NPh-CSPh, reel prisms, m. p. 
108 — 109° (compare Jamieson, hte. cit..), hcmoyl-a-thiohtm- 
nnphthalidc, red crystals, m. p. 145 — 146°, and bemoi/l-S-thiobni;- 
n-aphthalide, red crystals, m. p. 129 130°, were prepared by the 
gradual addition of a solution of benzoyl chloride in chloroform to 
the requisite thioanilide or thiobenznaphlhalide dissolved in the 
calculated quantity of alcoholic potassium hydroxide. They are 
decomposed by hydrogen chloride in ethereal solution, even if only- 
one molecular proportion of the acid is used, yielding benzoyl 
chloride and the corresponding thioanilide. They are soluble in 
concentrated sulphuric acid without decomposition, but addition of 
water precipitates the thioanilide. II, W. 

[Preparation oi] Phenolic Compounds. E. H. Zollixokr 
and H. Roehling (U.S. Pat, 1321271). — Lead compounds which 
form insoluble or sparingly soluble compounds with phenols are 
made to react with aromatic halogen compounds and a hydroxide 
of an alkali or alkaline earth metal. The reaction is facilitated by 
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catalyst*, such as copper or copper compounds, iodides of alkali or 
alkaline earth metals, iodates, vanadium, titanium, molybdenum, 
and rare earths and their salts. Thus o-chlorophenol is heated for 
about forty-five minutes at 250° with an aqueous solution of lead 
acetate and sodium hydroxide (alternatively, lead sulphate or hydr- 
oxide at 260° with copper iodide as catalyst), whereby the lead 
salt of catechol is formed, which crystallises on cooling. 

Among the examples recorded is the formation of cresolsulphonic 
acid from chloro- or bromo-toluenesul phonic acids, orcinol from 
bromocresol or dibromotoluene, eateehol-4-sulphonic acid from 
sodium 1 : 2-dichlorobenzene-4 sulphonate, 3 : 5-dihydroxybenzoic 
acid from 3 : 5-dihalogenobenzoic acids, salicylaldehyde from 
o-chlorobeuzaldehyde, a- and 0-naphthols from the respective chloro- 
naphthalenes, and alizarin from 1 : 2-dichloroanthraquinone. 

Chemical Abstracts. 


The Preparation o! 2 : 4-Dinitrophenetole and 2:4: 6- 
Trinitrophenetole. M. Marqijeyrol and Scohy (Bull. Soc. chim., 
1920, [iv], 27, 105 — 107). — 2 : 4-Dinitrophenetole may readily be 
prepared by t.he action of aqueous sodium hydroxide on an alcoholic 
solution of l-chloro-2 : 4-dinitrobenzene at 38°, gradually rising to 
If this phenetole is then nitrated in sulphuric acid solution 


at 30-40°, 

obtained. 


an excellent yield of 


2:4: 6-trinitrophenetole is 
\V. G. 


The Synthesis oi Aldehydes and Hydroxy-acids by means 
of Secondary aaa Trichloro- alcohols. Pierre IUbkrt (Bull. 

Hoc. chim., 1920, [iv], 27, 45 -55).— Bossneck's method for the pre- 
paration of aldehydes or hydroxy acids by the action of potassium 
hydroxide on aao-trichloro-secondary alcohols (compare A., 1885, 
976 ; 1886, 458) is shown to be generally applicable in the aliphatic, 
cyclic aromatic, naphthalene, and aryl aliphatic series. The 
potassium hydroxide may be replaced by the hydroxides of sodium, 
calcium, magnesium, or barium, or advantageously by sodium 
carbonate. The trichloro-alcohols of the aliphatic series do not give 
such good yields as do the aromatic alcohols, where the -CH(OH) 
croup is directly attached to a ring carbon atom. The activity in 
the aromatic series is diminished if this group is separated from 
the nucleus by one or more, carbon atoms. Tne following new 

anhydrous chloral] 0-p -Irnmophenyl triehhrometh i/harhinol, 

3 CJIjBrCH (OHp CC1 3 , 

b p 183— 187°TS mm., is obtained, giving an acetate, ">■ P- 
145-147°, and this on decomposition with sodium carbonate gives 
p-bromobeiizaldehyde and /i-bromopheny g yco lc a °‘ ’ . , , 
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carbonate, giving 3 : 4-dimethylbenzaldehyde and 3 '.i-dimethyl- 
phenyl ejly collie acid, n a M ccCII (OH) -CO.,11. m. p. 115 — 116°. 

Ethyl a-naphthylcjly collate, C 10 H 7 -CH(OH)-CO 2 Et, has in c 
68—69°. W. G. 

Mercury Benzoate. Robert Wood Terry (Midi. Drug, and 
Pharm. Rev., 1919, 53, 222 — 225; from Chem. Zen.tr., Kjjg 
iii, 866).- — A 1% solution of mercury benzoate is obtained by dis! 
solving 2-715 parts of mercuric chloride and 2'880 parts of sodium 
benzoate in 442 parts of water, and filtering after a week. 

II. W. 

Abietic Acid. David Johansson (Arkiv Kem. Min. Geol 
1917, 6, No. 19). — Very little is known as to the derivatives and 
decomposition products of abietic acid. The author has therefore 
sought evidence of its unsaturation and of the presence in its mole- 
cule of the aromatic and hydroaromatic nuclei postulated by 
previous investigators (compare Eastcrfiekl and Bagley, T., 1904 
1238; Levy, A.. 1913. i. 620). The acid, prepared from American 
colophony by Hunt and Pochiu s process, had m. p. 168—173° 
(sintering at 155°), and in alcoholic solution [a]J -28'6°. Both 
the Hiibl-Waller and the Winkler iodine numbers increased with 
the duration of the determination, respective values of 102—171 
and 150 — 357 being obtained. Since, approximately, the same 
values were obtained from the dihydro-derivative (below), and this 
behaviour was reproduced by the congener if-pimaric acid and 
its dihydro-derivative, it would appear that the unreduced acids 
contain at least two double bonds, which are not equivalent, or 
that substitution takes place. Halogenated compounds could not, 
however, he isolated. Dihydroahietir arid, C',,11,,0.,, m. p, 
173 — 178° (sintering at 156°), was obtained by hydrogenation in 
ethereal solution in presence of platinum -black. Unlike abietic 
acid, it is unchanged after long exposure. Treated with chloro- 
form and glacial acelic and sulphuric acids, it gives a reddish-violet 
colour, changing to yellowish-brown, whilst abietic acid gives a deep 
blue colour, which becomes brownish-green. From sulphonation 
experiments, a very small proportion of a mixture of acids was 
obtained. Dinitrnahiet"' arid, CV. Tl v O INC,),, produced by nitra- 
tion with fuming acid below 10°. separates from acetone ill needles, 
m. p. 178 — 184°. [o]|f -c 44-26°. which, on exposure to sunlight, 
turn red in a few seconds, and eventually brownish-green. The 
sodium salt. ,(\G,),Na,l 11T.,0, needles, the potawtm 

salt, and the barium salt, [C,,,I I, 7 0 (NO ,) ,1 ,Ba,4 M .0, yellowish- 
white needles, crystallise much better than those of abietic 
acid ; the rih-rr salt, C,„TT ,-0.(NO,),Ag, is a (locoulent. precipitate. 
In contrast with abietic acid, its dinitro-derivative is esteritled by 
treatment with alcohol and hydrochloric acid. The methyl ester 
forms needles, m. p. 178 -182°. The ethi/l ester, 

I Y,H.-(N<>, ),•('(>, Ft. 

needles, m. p. 156 158°, is best prepared from the silver salt, and 
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is only hydrolysed by alkali with difficulty. Molecular compounds 
of the dinitro-derivative with, in some cases, four, and in others 
six, molecular proportions of naphthalene, anthracene, phen- 
anthrene, and retene separate from alcohol in white needles stable 
to light, which respectively melt at 110—117° (decomp.), 244—246° 
235—236°, and 234—238°. Diamino-abie.tk add dihi/iirochlorufe 
a i ,H ; ,A(NII 2 ,HCl),, is a brown, amorphous powder, m, p. 280°' 
and very hygroscopic. A tarry product was obtained in an 
attempt to remove the amino-group by diazotisation. Crystallo- 
graphic data are given for abietic, dihydroabietie, and dihydro- 
dextropimaric acids. The presence of an aromatic or hydroaromatic 
nucleus in the molecule of abietic acid is regarded as now definitely 
determined. j £ 

The Action of Nitrites on some Imino-ethers. A. Beknton 
(Ariiv Kcm. Min. Ge.nl., 1918—1919, 7, No. 13, 1—21).— The 
product of the action of nitrous acid on ethyl benzoyliminoacctate 
is not a nitroso-derivative (Haller. A., 1887, 826). but is identical 
with ethyl oximinobenzoylacetate (Perkin, T., 1885, 47, 243). Ethyl 
mino-oximinohenzoi/lacetate, COPh'C(NOH)'C(NH)-OEt. leaflets, 
m. p. 112°, is obtained as the intermediate product when a cold 
solution of ethyl iminobenzoylacetate is added to a cold solution of 
sodium nitrite, and passes into ethyl oximinobenzoylacetate on 
warming or when treated with acids, further, chloro-oximinoaceto- 
phenone, by treatment with potassium cyanide and hydrochloric 
acid, furnishes oximinobenzoylacetomt rile (E. v. Meyer, A., 1885, 
582), which is converted by hydrochloric acid in alcoholic solu- 
tion into the hydrochloride of ethyl imino oximinobenzoylacetate. 
The hi/drochlnriile , C, iH I:J 0^S7 2 C1 , m. p. 114°. is precipitated by 
leading dry hydrogen chloride into its ethereal solution. Tt 
can also be similarly obtained from the product of the action of 
amyl nitrite on an ethereal solution of ethyl iminobenzoylacetate, 
whilst, by passing dry ammonia into a similar solution or a solu- 
tion of ethyl imino-oximinobenzoylacetate in alcohol, oximinu- 
benzoyfocetamidine, C,I1,0 ; N 3 , sulphur yellow crystals, m, p. 
227 — -229°, is produced. Its hydrochloride, C,H 1( ,0 ; N 3 C1, is faintly 
yellow, and begins to lose hydrochloric acid at 200°. The sulphate, 
C s II u 0 3 N 3 S, melts at 195°. 

The action of nitrous acid on ethyl imiuoplienylacetate leads to 
the formation of ethvl phenvlacetate and phenylacetaihidine 
nitrite, CILPh-C(NHpNH.,.llXO, (Lossen, Div., Koenigsberg, 
1890; Kammer. ibid.. 1893). m. p. 147°. This compound was 
further identified by the preparation of its acetate, m. p. 195°, and 
its nitrate, m. p, 166 167°, and its conversion into phenylacet- 

amide by the action of sodium hydroxide. 

In agreement with Knorr's view (A., 1917, i, 255) that the form- 
ation of amidines by the action of ammonia on the hydrochlorides 
of imino-esters is conditioned bv ammonium chloride, it is shown 
that the nitrate of p-tolvlacetamidine is produced by the action of 
ammonium nitrate on ethyl imiuo-p-lolylacetate. J. K 
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Electrochemical Oxidation of Benzaldehyde and Benzoic 
Acid. Fr. Fichter and Eldor Uhl ( Eeh . Chan. Acta., 1920, 3, 
22 — 39). — According to the literature, the anodic oxidation of 
toluene and p-nitrotoluene at platinum electrodes appears to lead 
only to the formation of benzaldehyde and p-nitrobenzyl alcohol 
respectively; these results do not appear to harmonise with the 
powerful oxidising action usually associated with anodic oxygen. 
Since, also, Fichter and Stocker (A., 1914, i, 947) have found tolu- 
quinone among the products of the electrolytic oxidation of toluene 
the whole question has been re-examined with particular reference 
to the substances formed in minor quantity. 

The electrolytic oxidation of a suspension of benzaldehyde in 
2iV-sulphuric acid at platinum anodes gave much unchanged 
material and benzoic acid as the only isolable substances, but the 
discrepancy between the amounts of original and final material 
pointed to a further oxidation of the benzoic acid formed. Direct 
experiment with the latter substance showed that it is actually con- 
verted into catechol, quinol, 2 :5-dihydroxybenzoic acid, and a 
hydroxyquinolcarboxylic acid. The latter substances possibly owe 
their origin to the intermediate production of o- and p-hydroxy- 
benzoic acids, and, under the experimental conditions, salicylic acid 
was found to yield quinolcarboxylic acid, whilst p-hydroxybenzoic 
acid gave protoeatechuie acid. The production of quinolcarboxylic 
acid is also observed in the electrolytic oxidation of benzaldehyde 
and toluene. 

Measurements, of potential with toluene, benzyl alcohol, benz- 
aldehyde, and benzoic acid, respectively, show a rapid and remark- 
able increase of anodic polarisation in the case of the aldehyde; the 
same phenomenon is observed to a nnujj smaller degree with benzyl 
alcohol and toluene, whilst with benzoic acid, anodic polarisation is 
very feeble; the results show that it is impossible so to control 
electrolytic oxidation that only benzyl alcohol is produced, and also 
t-hat benzoic acid can he further oxidised even in the presence of an 
excess of toluene. The peculiar behaviour of benzaldehyde is 
attributed to the formation of a peroxide, presumably either 
dibenzylidene peroxide hydrate or dibenzylidene peroxide, since 
evidence of the production of the volatile benzoic peracid, Ph'COjH, 


Ph-CH 3 — > Ph-CHj-OH -> Ph-CHO ->• Ph-CH<Q H H Q>CH-Pb 

| 7 r c„ir 4 7on) 2 — 

C 6 H 5 -C0 2 H -> C„H 4 (OH)-CO s H-> C„H 3 (0H) i -C0 5 H-, 


C.H,(OH)-CO„« — >C 6 H 3 (0H) 2 'C0 2 H— 

41 3;4 1 

4 

c 6 h 4 o 2 -> j 

C„H 2 (0H) s C0 2 H- 

8:4:$ 1 
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could not be obtained. The electrolytic oxidation of toluene thus 
follows the lines of the scheme on the previous page. H. W. 

A New Method of Synthesis of Indenic Ketones. A. 

Obekhoff {Bull. Son. chim., 1919, [iv], 25, 597 — 598). — An appli- 
cation of the method previously described for the synthesis of 
indene derivatives (compare A., 1914, i, 265). When benzylidene- 
deoxybenzoin dibromide is heated at 140 — 145°, it loses two mole- 
cules of hydrogen bromide and gives diphenylindone, m. p. 

152°; this yields a phcnylhydrazone, m. p. 175 — 176°. 

W. G. 

Action of Cyanogen and its Haloids on Mixed Organo- 
magnesium Derivatives. New Methods of Synthesis of 
Nitriles and Ketones. New Method of Introduction of 
a Halogen into an Organic Molecule. V. Grignard, E. 

Bellet, and Ch. Courtot {Ann. Chim., 1919, [ix], 12, 364—393. 
Compare A., 1916, i, 487). — The. first part of the paper is a more 
detailed account of work already published (compare A., 1911, 
i, 292; 1912, i, 623; 1914, i, 391). By using 2 mols. of the mag- 
nesium alkyl or aryl haloid to 1 mol. of cyanogen chloride, a 
ketimiue results which, when hydrolysed with water or dilute hydro- 
chloric acid, gives the corresponding ketone (A., 1914, i, 391). In 
this way, the authors have prepared beozophenone, 4 : 4'-dimethyl- 
benzophenone, 2:1 l -dimcthylbenzopheno<i.e, m. p. 72°, giving an 
a, rime, m. p. 105°, aa-dinaphthyl ketone, 2:4-dimethylbenzophen- 
one, and phenyl a-naphthy] ketone. W. G. 

Derivatives of Naphthyl -/J-ethylamine. Ahtonio Madisa- 

veitia {Bull. Soc. chim., 1919, [iv], 25, 601 — 610; Anal. Fis. 
Qiiim., 1918, 16, 543 — 545). — The author has prepared a number 
of naphthalene derivatives having a side-chain with an amino-group 
in the Imposition with the view of studying their action on the 
sympathetic nervous system in comparison with that of 0-methyl- 
amino-a-phenylethane and its derivatives. 

a-Chloro-|3-bromo-a-methoxyethane when added to a solution of 
magnesium in bromobenzene and ether gives fl-hromo-u-niethoxy- 
a-phenylethane, b. p. 125 — 127°/15 mm., which when heated with 
methyiamine in benzene solution at 100° for three hours gives 
fr-m <t hylamino-a-m etho x y-a- phe n ylet hone, b. p, 105 — 106°/ 22 mm., 
giving a hydrochloride and a plot ini chloride, m. p. 189° (decomp.). 
S-Methijlamino-a m.elho.Ti/-a-naphthyhthane is similarly prepared, 
with the intermediate formation of jS-hromo-a-inethoxy-a-naphthyl- 
r thane, b. p. 185— 190° / 14 min., and gives a hydrochloride and a 
platinichhride. 

a-Naphthyl methyl ketone, when acted on by amyl nitrite in the 
presence of sodium ethoxide, gives o -naphthyl nitrosomethyl ketone, 
giving a sodium salt, and this nitroso-derivative, when reduced 
with stannous chloride and hydrochloric acid, yields a-naphthyl 
aminomethyl ketone, C 10 H,-CO-Cn 2 -NH,, giving a hydrochloride. 
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Similarly, 4-methoxy-a-naphthyl methyl ketone gives a nitrosu- 
derivative, which on reduction yields i-methoxy-arnaphthyl amino, 
methyl ketone , isolated as its hydrochloride , which when heated in 
a sealed tube for four hours at 100° with fuming hydrochloric 
acid gives i-hydroxy-a-naphthyl aminomethyl ketone , isolated as 
its hydrochloride. 

The vaso constrictive actioii of these substances has been studied 
by Trendelenburg's method. It is shown that the introduction uf 
a methoxy-group into the side-chain has little or no influence cm 
the physiological action of the substance, but the replacement of 
the phenyl nucleus by a naphthyl nucleus has a very marked effect 
increasing the vaso-constrictive action about forty times in the case 
of the substances studied. 4-Hydroxy-a-naphthyl aminomethyl 
ketone possesses a very marked vaso-constrictive action, which h 
much greater than that of the corresponding derivative without 
the hydroxyl group or than that of the corresponding derivative 
without the carbonyl group in the side-chain. \V. G. 

The Constitution ol Dypnopinacone and its Derivatives. 
IV. The Luteo-dypnopinacones. Maurice Delacrk (Aun. 
Ghim., 1919, [ix], 12, 394- 425. Compare A., 1914, i, 1068; 1916, 
i, 479; 1918, i, 539; this vol., i, 165). — A more detailed account of 
work already published (compare A., 1891, 456; 1896, i, 662). 

W. G. 

[Preparation ol] ?> Benzoquinone from Benzene. J. M, 

Weiss and C, R. Downs (U.S. Pat. 1318631).— A mixture of 
benzene and oxygen or air in the form of vapour or spray is passed 
over pumice impregnated with vanadium oxide and heated at 
300 — 700°. //-Benzoquinone, maleic acid, and by-products are 
obtained, together with unchanged benzene. As substitutes for the 
catalyst, vanadium or vanadium compounds, molybdenum, tungsten, 
gold, ruthenium, cobalt, or the oxides of copper, manganese, cobalt, 
lead, chromium, antimony, cadmium, and thorium, may he used. 
The reaction may be carried out at pressures greater than, equal to, 
or less than atmospheric pressure. After removal of maleic acid 
by crystallisation or by solution in water, the remaining liquid 
products may he again passed over the catalyst to effect further 
oxidation, with the production of additional p-benzoquinone ami 
maleic acid. Chemical Abstracts. 


A Novel Degradation in the Anthraqainone Series. K. 

Fries and E. Alfff.nbeug (Her.. 1920, 53, [/?], 23 — 28). — When 
the hydrochloride of 1-aminoanthraquinone is exhaustively 
chlorinated in glacial acetic acid, it, yields 2:2:3 :4:4 -pcntachloro- 

^co-c-co-cci, 

1 I'ffo-1 : 2 : 3 : 4 tetrnhydroantliriiijiinione. CVfT^QQ.jj.QQ] 

which crystallises in rhombic tablets, m. p. 166 — 168° (slight 
decomp.), and may be reduced by stannous chloride, to 2 : i-dichtoro- 
\-hydroxyanthraquinone, slender, orange-coloured needles, m. !>■ 
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242°. The compound may also he reduced by boiling an acetic 
acid solution with ammonium chloride, the product being 2:3:4- 
tnchlonyl-hydroxyanthraquinone, which crystallises in orange 
needles, m. p. 214°, forms sparingly soluble, brilliant red alkali 
salts, and is remarkably stable towards chlorine or concentrated 
nitric and sulphuric acids. 

The pentachloro-deriv&tive undergoes a novel hydrolysis when 
warmed with concentrated sulphuric acid, the product being 
o-2 : 3 : 4 : Q-tetrachloro-5-hydroxybenzoijlbenzoic. acid, formed by 
the rupture of the middle ring, according to the equation 
C 14 H 5 0 3 C1- + 11.0 = C 14 H r ,0 4 Cl t + HC1. 

It crystallises in minute druses, m. p. 277 — 278°, forms a sparingly 
soluble sodium salt and an acetate, m. p. 213°, and is hydrolysed 
by heating at a higher temperature with sulphuric acid to phthalic 
ac id and 2:3:4: 5-tetraehlorophenol. The same derivative of 
benzoylbenzoic acid is formed as a by product when the original, 
crude chlorination product, containing ammonium chloride, is boiled 
with acetic acid, but it is not given by the main product of this 
reaction, namely, the above trichlorohydroxyanthraquinone. 


Stereoisomeric Derivatives oi Aminomethylenecamphor. 

I. Hiss Rupb, Max Sribbbth, and Walter Kdssmaul (Eelv. 
I'him. Ada, 1920, 3, 50 — 70). -Aminomethylenecamphor and many 
of its derivatives are found to exist in two forms, characterised by 
lower melting point and generally greater solubility, and higher 
melting point and usually more sparing solubility; these are 
designated 0- and a-compounds respectively. In general, they are 
readily mutually transformable. Since a new asymmetric carbon 
atom is not developed during the formation of these substances, 
optical isomerism is out of the question, and it appears certain that 
instances of ris-trans-isomerism (annexed formula) are being dealt 

with, although direct experi- 
R-N H-CH HC-NHR mental evidence on this point is 

:i s lacking. The optical investiga- 

C H a! ™ C H <) , tion of these substances 

* ' "x'O * '* CO promises results of considerable 

interest, since but few optically 
active cis-tmiis-isomerides have been examined; the sparing solu- 
bility of the products at the ordinary temperature aud the ease 
with which they undergo transformation when the temperature is 
raised have prevented an extended examination, and the results 
which have been obtained so far do not allow any general con- 
clusions to be drawn. . , 

A considerable improvement in the preparation of hydroxy- 
methylenecamphor is effected if the sodium camphor is prepare! y 
the interaction of camphor and sodainide in benzene solution ; under 
these conditions, the formation of borneol is avoided, and any 
unattacked camphor can be recovered, 
a- Aminomethylenecamphor is conveniently prepared by heating 
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hydroxymethylenecamphor with saturated aqueous ammonia under 
pressure at 100 °; it forms colourless, shining leaflets, m. p. 15(50 
Df 0-8176, [a ]? 1 + 191-37°, fa]? + 257'32°, [a]?, + 323-41*,' 

[a]? + 477*19°, [a] K /[a] c 2*48 in alcoholic solution. When distilled under 
diminished pressure, it is quantitatively converted into the 8-farin 
m. p. 103—104°, Df 0-8159, [af +236-57°, [a]? +313-76°' 
fa]? + 388-23°, [a]? 553-99°, [a] F /[a] c 2-34. The latter is very 
labile, but can he preserved unchanged in substance, even if e; ,. 
posed to sunlight; it is converted into the a-form if its solution in 
alcohol or benzene is evaporated, when the benzene solution is 
exposed to sunlight, or when the alcoholic solution is boiled. 

a-Benzoi/laminorneihy/enecamphor is the sole product of the 
action of benzamide on hydroxymethylenecamphor in glacial acetic 
acid solution, and is formed, together with the 0-itomeride, by the 
benzoylation of aminomethylenecamphor in pyridine solution; it 
forms slender, colourless needles, m. p. 208°, Df 0-9838, [a]p° + 164'28° 
[a]? +219-29°, [a]?;, +273-15°, [a] +393-06°, fa] F /[4 2-39 i n 
pyridine solution. The jB-modification crystallises in monoclinic 
prisms fa : b : c=0-96402 : 1 ; 1 0501 1,/?= 1 10°40'], m .p. 1 1 2°, Df 0-9835, 
M? + 166-44°, [a]? +228-29°. [a]'S, + 292-67°, fa]? + 453-11” 

[a] F /[a]c 2-72 ; it is converted into the a-variety when its solution 
in light petroleum is exposed to ultra-violet light, but not by treat- 
ment with hydrogen chloride in alcoholic or light petroleum solution. 
The reverse transformation is effected by boiling a solution of the 
a-form in pyridine. 

a- and fl-p-NitroanilinnmrtJnilenemmphor, 

c:ch-nh-c 6 h,-no 2 

'-8 n H\QQ 


are simultaneously formed by the action of /i-nitroanilino on hydr- 
oxymethylenecamphor in glacial acetic acid solution, and are 
separated by taking advantage of the greater solubility of the 
0-isomeride in cold benzene. The a-form crystallises in canary- 
yellow leaflets, m. p. 180—181°, and slowly passes into the 
8 isomeride at the ordinary temperature, rapidly at 200°; the 
6 -isomeride forms orange-yellow needles with a violet reflex, m. p. 
151 — 152°, and is converted into the a form when its solution ill 
boiling alcohol is exposed to direct sunlight, 
p- rh nii/len rdmminodimeth >jltn tuun phor, 

-nh-o 8 h 4 -nh-ch:c_. 

CCr * *" 


C.H 


u<l 


CH 

CO 


pale yellowish-green, microscopic needles, m. p. 276 — 277°, appears 
to be the sole product of the action of p-phenylenediamine 011 
hydroxymethylenecamphor; it could only he obtained in one form 
;>-.! ifJi)!nmiiu>nniVw 11 milh f:hjircamf:hi)r. 

.ClCH-NH-C.H.-NHAc 
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forms pale yellowish-green leaflets, m. p. 226—227°, and exists in 
one form only. p-AminoaniUnmnethyleneeamphor could not he 
obtained by the reduction of the corresponding nitro-compound by 
iron and acetic acid; although reduction appears to occur, the 
amino-derivative is immediately hydrolysed, and condensation then 
occurs between the p-phenylenediamine and hydroxymethylene- 
camphor. which are thus formed with the ultimate production of 
M-phenylenediaminodimethylenecainphor; reduction could not be 
effected with ammonium sulphide, whilst with sodium sulphide 
either form of the nitro-compound yields the same amino-derivative 
in poor yield. The pure amine, m. p. 163°, is, however, obtained 
by the action of ethyl-alcoholic potassium hydroxide on the corre- 
sponding acetyl derivative. The hydrochloride. is sparingly soluble 
in water and cannot be diazotised . 

u-PhcnetifHtwmethi/lrni’camphor (j8-form, coarse plates and 
prisms, m. p. Ill — 112°; a-form, pale yellowish-green leaflets, m. p. 
166 — 167°) is prepared by the action of p-phenetidine on hydroxy- 
methylenecamphor in alcoholic solution, and is separated into its 
isomerides by fractional crystallisation from benzene. The 
3 -variety is very labile, and is converted into the o-variety when 
attempts are made to recrystallise it from alcohol : it has not been 
found possible to effect the reverse transformation. IT. W. 

Steraoisomeric Derivatives of Aminomethylenecamphor. 

II. Hans Rupe, Max Seiherth, and Wai.ter Kussmaul ( Helv . 
Chim. Acta. 1920, 3, 71 — 89). --A continuation of the work 
described in the preceding abstract. 

✓0’CH‘NEt- 

Biethjlaminomethyhneeamphor. is obtained 

as a palo yellow, viscous oil, b. p. 175 — 175-5°/ll mm., which 
solidifies when cooled to a mass of transparent plates, m. p. 20—22°, 
by the action of diethylamine on hvdroxymethylenecamphor or 
chloromethylenecamphor. The- hydrochloride, is slowly decomposed 
in aqueous solution, yielding: hvclroxymethylenecamphor . and 
diethylamine hydrochloride. P i pe rid in om ethylene camphor is a 
pale yellow, viscous oil. b. p. 203 — 204° /II mm., m. p. 60° after 
softening at f>8°; the hydrochloride, slender needles, suffers first 
dissociation and then hvdrolysis in aqueous solution. Tetrahydro- 
f/mnolinom ethylene camphor forms coarse, transparent prisms, m. p. 

' • .c:ch-nh-co-nh 9 

109°. Carbamidntn efh ylen e camphor, ’ 

prepared by melting the components together or by condensation 
in glacial acetic acid solution, crystallises in needles, m. p. 197°; 
a second modification, which does not melt below 280°, possibly 
exists. &-Etkt/lurethanometh yl cticcamphor is exclusively obtained 
when its components are heated together at 110°, and forms a 
colourless, odourless, highly refractive oil. which does not solidify 
in a mixture of ice and salt, and rapidly becomes yellow or red 
when preserved; it has b. p. 178 — 1 79° / 1 0 mm., Tt 0 9835, n] c 
+ 145-93°, [a]?? +197-17°, [4J, + 2-17-62°, [a]? +366-69°, [a] F /[a]c 
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2 51 in pyridine solution. When, however, the components aremi Xe( ] 
in glacial acetic acid solution, the a-variety is mainly formed at the 
ordinary temperature, but the reaction is very incomplete, whilst 
at a higher temperature reaction proceeds quantitatively, but yields 
more of the /3-variety. The a-isomeride forms colourless, many-sided 
crystals, m. p. 162°, Df 0-93352, H* + 149-42°, [o]g> +198-52°, [„]» 
+ 245-11°, [a]“ +347-35°, [a] F /[a] r 2-32. Transformation of the 
)3- into the a-variety can be effected by hydrogen bromide, hydrogen 
chloride, concentrated sulphuric acid, nitrous fumes, iodine in 
ethereal solution, by exposure to direct sunlight, and by preserva- 
tion in the dark. The reverse action is effected by boiling a solution 
of the o-variety in glacial acetic acid with exclusion of light. 

The two forms of e.thi/l methj/Ienecamphor-p-aminobemoate are 
simultaneously formed by the condensation of the components in 
glacial acetic acid solution, and are separated with the aid of light 
petroleum; the a-variety crystallises in minute needles, m. p, ngo 
whilst the d-form has in. p. 105°. The former modification is 
exclusively formed when a mixture of the components is gently 
heated; it appears to be exceptionally stable, but undergoes partial 
transformation when its solution in formic acid is boiled during a 
protracted period in direct sunlight- and in the presence of iodine. 

The meth'i/len-ecamplioranthmniUc nci<!s are simultaneously 
formed from hydroxymethyleneoamphor and anthranilic acid in 
dacial acetic acid solution, and can he separated to some extent 
mechanically, owing to the difference in their crystalline forms. 
Separation by means of solvents is impracticable, owing to their 
very similar solubilities. Isolation of the |8-variety is best effected 
by boiling the mixture of isomerides with benzene, when the 
0 -variety passes into the 0-fonn. almost colourless needles, which 
rapidly become brown, and have in. p. 112° and 176° after re- 
solidifying. The a-variety is conveniently obtained by boiling a 
solution of the j8-form in toluene, and forms pale brown, many- 
sided crystals, m. p. 170° ; the latter isomeride is exclusively formed 
when the components are heated together, the result- being attribu- 
table to the high temperature of the reaction. Attempts to con- 
vert the methylenecamphoranthranilic acids into indole or indigo- 
derivatives were unsuccessful. Acetic anhydride, however, converts 
the /3- derivative into mrlhuIrnernmphor-'N-ftrfti/fanlhramlic nml, 
n tt IdAc CO,U c0 | 01lr ] ess shining needles united 

^S n H\(yQ ’ - 

in clusters, m. p. 185°. to an intensely green liquid, which gradu- 
ally becomes reddish-brown. Either variety is transformed hy 
phosphoryl chloride into the ftlmtam of methylenecamphor- 
anthranilic acid, C n H 4 <£ o rH 0 ^>C,H u , colourless crystals, which 

immediately become discoloured on exposure to air and ha\e m. p- 
165°. The substance is converted by boiling water into methylene- 
camphor anthranilic acid, and by cold alkali into a mixture o e 
sodium salts of the two forms of the acid. 
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Methylenecamphur-p-aminophenylarsinic acid, 

.c:ch-nh-c,h 4 -aso 3 h 5 

81 *Njo 

js best obtained as sodium salt by heating hydroxymethylene- 
camphor with atoxyl at 110° ; it forms slender, colourless needles, 
which decompose at 220° and melt indistinctly at 250°; anilino- 
methylenecamphor, m. p. 168—170°, and a substance, C. 27 H 4 „0 2 , 
slender, yellow needles, m. p. 188°, are formed as by-products 
during the condensation. H. W. 

Transpositions in the Camphene Series. U. Langlois 
[Ann. Chim., 1919, [ix], 12, 265—363. Compare this vol., i, 171). 
_-By the direct bromination of canipheue in anhydrous ether, 
(B-bromocamphene, b. p. 1 15 — 120°/ 15 mm., 225— 22G°/760 mm., 
D 15 1 265, [o] D +68'85°, is obtained, its constitution being proved by 
its behaviour on oxidation either by nitrous vapour or by potassium 
permanganate, cainphenylone being the product in either case. In 
the preparation of a magnesium derivative from bromocamphene, 
some dehydrodicamphene , m. p. 181°, is obtained. 

The magnesium derivative when acted on by carbon dioxide gives 
an acid, C^IIjj’COjH, m. p. 124 — 125°, which on oxidation also 
uives camphenylone and oxalic acid. w-Bromocamphene is stable 
towards Beckmann’s oxidising mixture, and with hydrogen bromide 
vields 2-iu-dibromocampliane, the latter change being reversible. 
Attempts to replace the bromine in bromocamphene with a phenyl 
group by means of magnesium phenyl bromide were not very 
successful, whilst with magnesium methyl iodide the product was 
cymene. Oil chlorination in ether, bromocamphene gives dichloro- 
bromocamphene, C 1(l H, 5 CLBr, in. p. 74°. Hydrogen chloride in 
the cold is without action on bromocamphene. but when passed into 
ail acetic acid solution at 100° it yields dibromocamphane. As 
compared with camphene, bromocamphene only undergoes very 
slow acetylation, and the product is not characterised. 

By carefully restricted chlorination of camphene, a certain 
amount of chlorocamphene, b. p. 95 -98°, 15 mm., D'“ 1016 1'017, 
[aL + 37°, is obtained, which is not acted on by any hydrogen chloride 
or by Beckmann’s oxidising agent, ttith potassium permanganate, 
it is oxidised to camphenylone. With hydrogen bromide, it gives 
si- ch loro-2-bromoca n> ph an e , m. p. 103°. and on further chlorination 
it gives triehlorocamphene. m. p. 104°. On bromination it gives 
chlorodibromocamphene, C^IIjiClBrn, m. p. 64 65°. 

When camphene is heated on an oil-batli for two days with a 
mixture of trioxymethyleue and acetic acid, it gives an acetate, 
C u H i; -CO.,-CH 3 , b. p. 130— 135°/20 mm., which on hydrolysis 
gives a primary alcohol, cainphenylidcne-G-ethaiiol, 
CoHj.'.CII'CHo-OH, 

b. p. 125— 126°/8 mm.. 135°/17 mm., 234— 238°/760 min., 
D ls 0 987 — 0-988, [oL +45°. which is best purified through its 
hydrogen phtha/ate, CO.,n , C (! H 4 ’CO.> - C ]1 H i; , m. p. - — - • 
the alcohol is subjected to prolonged heating with alcoholic potassium 
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hydroxide, it gives an ether, 0(CH^-CH!C a H ]4 ). 2; b. p. 235 — -240°/ 
25 mm., D 20 U'983. The alcohol, C u H 17 *OH, when oxidised with 
potassium permanganate in the presence of aqueous sodium 
carbonate, gives camphenylone, hydroxycamphenylanic acid, and 
oxalic acid. In the presence of sodium hydroxide, the products of 
oxidation are camphenylone, camphenecamphoric acid, and oxalic 
acid. By a similar study of the oxidation of camphene, it is shown 
that the endocyclic transposition is not due to the permanganate 
but rather to the isomerising action of the free alkali used in excess 
Certain derivatives of eamphenylidene-6-ethanol have been pp e . 
pared. It gives a diphenylur ethane, difficult to purify, and a 
pyruvate, b. p. 150 — 155°/10 mm., giving a semicarbazone, m. p. 
167°. The ether, (C n H 17 ) 2 0, when oxidised by sodium dichromate 
and sulphuric acid, gives first an aldehyde, and then campheny]. 
idene-ethanoic acid. 

A chloride, C U H J7 C1, corresponding with caruphenylidene-6- 
ethanol, may be obtained either by the action of hydrogen chloride 
on the alcohol in toluene solution at 140 — 150°, or by the action 
of phosphorus pentachloride either on the alcohol or the correspond- 
ing ether. This chloride has b. p. 100— 102°/6 mm., 110°/15 mm., 
D 15 1 020, [a] n + 27'38°. On oxidation with potassium perman- 
ganate, it yields camphenylone. Unlike oi-chlorocamphene, it is 
oxidised by sodium dichromate and sulphuric acid, giving first an 
aldehyde and then camphenylideneacetic acid. The chloride is 
quite stable towards either hydrogen chloride or hydrogen bromide, 
undergoing no transposition. Further, it is not reduced by sodium 
in absolute alcohol, but under these conditions simply gives an 
ethyl ether, C 1(l ir i; 'OEt, b. p. 125 — 130°/8 mm., 230°/760 mm, 
This ether, when oxidised by the chromic acid mixture, gives 
camphenylideneacetic acid. If the reduction of the chloride is 
carried out by zinc and hydrochloric acid, the product is a-methyU 
camphen-e, b. p. 178°, I)’ * 0*884, [a] n 4- 4*28°. The chloride, 
CnHjjCl, when acted on by sodium or magnesium in anhydrous 
ether, gives a terpenic hydrocarbon, C , , II i 7 *C u H ] 7 , h. p. 210°/ 
25 mm., D 15 0*952, [a],, + 67*30°, which is remarkably stable 
towards aqueous potassium permanganate. By the action of sodium 
ethoxide, the chloride yields the corresponding ether, (CnH lr ).,0, 
described above. With sodium cyanide, the chloride yields the 
nit rife, C„H n -CN, b. p. 140°/12 mm., D n 0*959, D® 0*963. 
[a]„ +61*20°, which is readily oxidised to camphenylone, and oil 
hydrolysis gives the corresponding acid, CnH I7 *C0 2 II, m. p. 100 , 
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b. p. *185°/24 mm [a] +4116- From its behaviour on oxidation, 
It is suggeste/l that this acid is really a mixture of two a- and 
jj-isomendes (see formulae on previous page). When camphenylidene- 
6-ethanol is oxidised by Beckmann's mixture in the raid, it yields 
camphenyMene-G-acetaldehyde, C 8 Hi,:CH-CHO, b p 130°/12 mm 
mo/8 mm„ D 15 1-002, [«] „ +72-68°, which gLs J sodium 
b»ul p hi^ , compound, a samcarbatone, m. p. 233°, and an oxime 
b p 160 /lo mm. lhe oxime gives a hydrochloride, and on 
dehydration yields camphenyltdeneacetorntrile. C„H T'TT-PN h r, 
132 o /6 mm 1400/10 mm D» 0-987, D» 0-983, Wl’ + 110° ’whie'h 
when boiled with alcoholic potassium hydroxide gives the con-e- 
sponding amide, C] 0 H 15 -CO-NH 2) m. p, 192°. This amide is very 
stable, and is not hydrolysed by sulphuric acid. Camphenylidene- 
acetaldehyde gives a diacetate, C 9 H 14 :CH-CII(C0 2 Me) 2 , m. p. 

If the oxidation of camphenylidene-6-ethanol with Beckmann's 
mixture is pushed further, the product is camphenylideneacetk 
acid, m. p. A 12o , b. p. 181°/ 19 mm., the same acid being 
obtained by the action of carbon dioxide on the magnesium deriv- 
ative of (u-bromocamphene. It gives an ethyl ester, b. p 150°/ 
22 mm,, D“ 1-008, and an acid chloride , b. p. 14a 0 / 15 mm., which 
by the action of ammonia is converted into the amide, m. p. 192° 
(see above). When heated on an oil-bath for several hours, 
camphenylideneacetic acid loses carbon dioxide and gives a 
camphene, m. p. 45-— 46°, b. p. 138 — 160°, which on oxidatiou 
yields camphor. On oxidation with potassium permanganate, the 
acid yields campheuylone, and on reduction with sodium in amyl 
alcohol it gives isocamphauecarboxylic acid, which when oxidised 
gives r-camphent/lanic acid, in. p. 73 — 76°. 

«,-Methylcamphene may be obtained by the reduction of 
camphenylideueacetaldehyde by zinc and hydrochloric acid, its con- 
stitution being shown by its behaviour on oxidation with potassium 
permanganate, when it yields campheuylone, oxalic acid, and 
camphenecamphoric acid. It is not oxidised by sodium dichromate 
and sulphuric acid, or by hydrogen chloride, but with hydrogen 
bromide it gives a hydrobromide, C u ll ]fl Br, b. p. 108— 110°/17mm , 
D 15 1-175. 


Camphenylideueacetaldehyde is capable of condensing with 
ketones. Thus with acetone it yields the ketone, 
C 9 H H :CH-CH:CH-COMe, 

b. p. 160°/ 12 mm., D 1; ' 0-980, giving a semicarbaione, m. p. 
220 — 221°. With methyl ethyl ketone the aldehyde gives the 
ketone, C 9 H ]4 :CH-CH:CH-COEt, b. p. 172 — 175°/12 mm., 
D 15 0’968, giving a temicarbtaone, m. p. 209 -210°. Owing to the 
presence of three conjugated double linkings, neither of these 
ketones is oxidised by chromic acid mixture, and the first-named 
is not acted on by hypochlorites. Camphenylideueacetaldehyde also 
reacts with magnesium alkyl haloids of low molecular weight to 
give unstable secondary alcohols, which, when distilled in a vacuum, 
give diethylenic hydrocarbons. Thus, with magnesium methyl 



i. 244 


ABSTRACTS OB CHEMICAL PAPERS. 


iodide, the final product is camphenyUdenepropylene, 

c„h 14 :ch-ch:ch 2 , 

b. p. 85— 90°/10 mm., 203— 205°/760 mm., D 16 0'921, D» 0 917 
[°]d + 76"39°. With magnesium ethyl bromide the product i’ 

camphenylidenebutylcne, CjHjjlCH-CHlCIIMe, b. p. 95 9701 

12 mm. and 230— 232°/ 760 mm., O ' 5 0-919, [o]„ +70°. With mj. 
uesium propyl bromide the product is camphenylidcnepcntene 

CjH.jX’H-CIllCIlEt, b. p. 110 — 120°/15 mm. and 238 -240 - ' 

760 mm., D ,a 0-905, [oj D +80°, and with magnesium butyl 
bromide the product is camphenyUdetiehexene , 
C 9 TI I 4 :CH ; CH:CHPr, 

b. p. 140°/ 10 mm. and 255°/760 mm., D ,s 0-900, [a]„ +73-5°. 
these diethylenic hydrocarbons when oxidised with chromic acid 
mixture give the original aldehyde or camphenylideneacetio acid 
They also undergo spontaneous oxidation, giving camphenylidene- 
acetaldehyde and formaldehyde, acetaldehyde, propaldehyde, and 
butaldehyde respectively. W/q 

Chemistry oi the Terpenea. XIX. Synthesis of a 
m-Menthadiene from m-isoCymene. Geohge Gerald H isdirsox 

and Thomas Frederick Smeaton (T., 1920, 117, 144 — 149). 

Occurrence of the Terpene Terpinene in the Oil of 
Eucalyptus megacarpa. Henry G. Smith (J. Proc. Roy. Soc. 
0 .8. Males, 1918, 52, 529 -533). — The oil of Eucalyptus meg/i- 
carjxi contains pinene, limonenc, and dipentene, about 30% of 
cineole, and possibly as much as 10 % of terpinene. The latter was 
detected in the fraction boiling from 170 — 190° by the formation 
of its uitrosite, m. p. 155°, and by its rapid oxidation in the cold 
with Beckmann’s chromic acid mixture, as evidenced by the 
increased optical rotation of the residual oil (consisting mainly of 
limonene) after the removal of the inactive terpinene. 

G. F. 11. 

The Vulcanisation o! Caoutchouc with Agents other than 
Sulphur. Henhv B. Stevens ( J . Soc. Chem. Ind., 19 1 7 , 35, 107), 
— Vulcanisation of caoutchouc with from 1 to 4% of dinitrobenzene 
or trinitrobenzeue at 140° is possible in the additional presence of 
a considerable proportion (for example, 8 to 30%) of lead oxide or 
magnesium oxide; the triuitro-compound is more effective than its 
dinitro-aiialogue, whilst with nitrobenzene itself satisfactory results 
are not obtainable. The nitro-compound enters almost entirely into 
combination with the caoutchouc, and is not removable by acetone. 
The products possess poor mechanical qualities relative to 
caoutchouc vulcanised in the ordinary way with sulphur. Benzoyl 
peroxide also effects vulcanisation, and in this case no third sub- 
stance is necessary ; from 4 to 6 % of the peroxide is required, and a 
vulcanisation period of ten to fifteen minutes at 130—135°. The 
products are weak and have a remarkably pale colour. [See abo 
Buuschoten, A. 1918 i 503; Ostromisslenski, A., 1916, i, 278 ] 

D. F.T. 
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Ths Nature of Vulcanisation. I The. fn.-v, ; , , 

»«“» w». n. The LS; Ss: 

Vuicanised Rubber. H P. Smns (J. Soc. Clean, lnd, 1919, 

? Q 8 ’ 19 “ fiM 7 W? 6 re ;? ta on . whlcl1 Harries and Fonrobert (A., 
1916, i, 6o9, 733 base their opinion that vulcanisation of caout- 
chouc is essentially a physical process, and may occur without any 
appreciable combination with sulphur, are probably explained by 
unsmtable conditions of experiment. Under similar conditions, 
but with the additional precaution of vulcanising the mixture of 
caoutchouc and sulphur in thin sheets, so as to ensure greater 
uniformity of heating and consequently of vulcanisation, the author 
obtained a product which, after exhaustive extraction with acetone 
retained more than 1% of combined sulphur. It is therefore not 
possible to effect ordinary vulcanisation without the concurrent 
fixation of an appreciable proportion of sulphur. With an 
increasing proportion of combined sulphur, caoutchouc becomes less 
and less soluble in solvents such as benzene; freshly vulcanised 
samples containing 0'27% and 0'39% of combined sulphur could be 
dissolved in benzene, whereas 0-45% prevented solution; after 
storage for three months, none of these samples would pass com- 
pletely into solution. The extract obtained on treating more 
highly vulcanised caoutchouc with hot benzene contains the same 
proportion of combined sulphur as the undissolved residue. 

D. F. T. 


Autoxidation of Colophony. Ludwig Paul ( Kolloid Zeitsch., 
1919, 25, 241— 246).— The constituents of colophony are investi- 
gated, and some of the products examined and characterised. 
When a solution of colophony in alkali is treated with hydrochloric 
acid, a voluminous precipitate of y-pinic acid is obtained; this sub- 
stance has m, p. 75 — 76°, which in eight mouths rises to about 
88°. a Pinic acid has a constant m. p. 81—83°, and shows a 
tendency to form liquid crystals. It is soluble in water and 
petroleum, as also is y-pinic acid. d-Piuic acid melts at 98—100° 
(compare A., 1918, i, 411). J. F. S. 


Compounds o! High Molecular Weight. I. Synthesis of 
some Acylglucosides of High Molecular Weight. Sven 
Oden (Ariiv Kem. Min. Geol., 1917, 6, No. 18).— Almost all 
known organic compounds of high molecular weight are natural 
products of indefinite constitution and extremely difficult to purify, 
circumstances which are great obstacles to the study of their 
physico-chemical properties. The author has now synthesised a 
series of esters of 2:4: 6-tribromophenol-rf-gliicoside with a view to 
a study of the variation of their properties with molecular weight. 
The esters were prepared by E. Fischer’s process, for which the 
most suitable conditions in this case consist in treating a suspension 
of the finely divided glucoside in dry chloroform with excess (about 
one-third) of the acid chloride and quinoline at about 50°. The 
product was usually isolated by precipitation from the solution by 

VOL. CXVIII. t, ^ 
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alcohol, and purified by repetition of the treatment, the bromine 
content furnishing an effective criterion of purity. The constancy 
of melting point of the products renders it improbable that the 
use of quinoline caused any stereoisomeric change during the reac- 
tion. All the products were stable, indifferent substances, and 
slightly lasvorotatory. With the exception of the tetrapropionate, 
the tetrabenzoate, and the tetra-p-bromobenzoate, which are crystal- 
line, they were amorphous substances resembling stearin or fats, 
and' in their aspect and solubility relationships lipoid in character. 
It is noteworthy that the tetrabenzoate exists in two intercon- 
vertible forms, an amorphous form, m. p. 94°, and a crystalline, 
U1. p. 147°, the difference in m. p. being apparently conditioned 
by the variation in granular size (compare Pawlov, A., 1910, 

ii, 1033). , , , , 

The following derivatives of 2 : 4 : 6-tnbromophenol-rf-glucoside 
are described: the tetra-acetate, CooH^OmBrj, needle-shaped 
crystals, m. p. 195—196°; the tetrapropionate, C.aHjjOjjBr,, 
prisms, m. p. 89 5°; the tetralaurate, CeoHjoiOuBrj, resembling fat, 
m p. 48— 49°; the tetramyristate, CggH^OmBrs, m. p. 56—57°; 
the tetrapalmitate, C 76 H 133 0 JU Br 3 , resembling stearin, m. p. 
61—62°; the tetrustearate, C^H^OjoBrj, resembling stearin, m. p. 
70—71°, in tetrachloroethane solution, [a]j? — 3 6° ; the tetru- 
hexabromostcamte, t'^Hj.-O^Br^. fairly hard, m p. 152°; the 
tetracerotate, C ]W 11 M ;j0 1() Brj, solid, m. p. 80—81 ; the tetra- 
benzoate, C 4 „H„ 9 O 10 Br s , m. p. as above; the tetra-p-bromobemmte, 
C 4(l H„-O 10 Br 7 , m. p. 115° amorphous, 214° crystalline (aggregates 
of needle-shaped crystals) ; the tM-fi-iyiphthoate, m. p. 

175°; the telra-fi-naphthoate, b' r> - H 37 O ]0 Brc, m. p. 218°. 

In addition, the following were prepared from a-methyl-d- 
olucoside: the tripahnitate, Cy^sA. amorphous, m. p. 77°; the 
trietearate, C 61 H„, 8 0 9 , amorphous, m. p. 82°; the tetrasUarate, 
C-oH,.-„0, m amorphous, m. p. 68°; the tetra-p-bromobemmU, 
C M II^Oi 0 B r 4 , needles, m. p. 148°. J - K - 

Compounds of High Molecular Weight. II. Some Acyl 
Derivatives of Natural Glucosides of High Molecular Weight. 

Sven Oden (.lrAtii Kem. Min. Gcol., 1918— ^ 1919 > ?’ ■ °’ 

1—22) —The method of acylation previously described (see previous 
abstract) gives good results when applied to natural (tumid * ,ui 
has the advantage over older methods of giving completely acylated 
products. In several cases the products were crystalline, with a 
sharp melting point, but the granular size was again obser 
have a distinct influence on the melting point; m al ' ^ ^ ;;i ,, 
depressed by precipitation of the amorphous or microcrystslli 

S alcohol from a solution of the crystalline form in chbr 

form. The chlorides of ^-naphthalene- and a-brom^amplio^ 
sulphonic acids were also used, this being the first beeD pr e 

sul pho-deri vat ives of members of the sugar groi p 
pared. In these cases, however, a temperatur^ aV^.^ 
necessary for the condensation, the reaction proceeded less sm 
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ssstevsbaat cw ?,-* al 

Ju „,ph. t , li,J„. The " .'“il ZiSSbT 

Sdrcint-pentacmnamau, U S8 H 43 0 12 , needles, m. p. "r„ P 
^ pentapheny pro^U <3^0,* long need { m ’ ^ 

liVw ’ Hoi ® P ° ben20ate ’ C 4 8 H s 0 12 Br 5 , needlesfm p'. 

, C 49 H 40 O 11( prism3) m . 176 o w » 

-*& 

“ P; ® S ° (P' iron * 0 ? i * n J'%*os«ie, CuH^O^Bt,’ amo^houe! 

fl1 p. C«r. J. 1 ’ 

, io“ l/ T! : -P' nta f”*™‘*> C 61 H 32 0 13 , amorphous, m. p. ca 
145°, and tetrastearate, C ss H I58 0 ]2 , amorphous, m. p. 69 - 70 ° 

C ? H b 0 18 N, small needles, m! p. 

218 ’ feI D o”v°u,’ \ e P ta ^Y wol ! nzoate > C 69 H <8 0 ]8 NC1 t , crystals, 
m. p. 234 , slightly lsevorotatory, heptorp-bromobenzoate 

GflgH^gOjgN Br 7 , 

needles, m. p. 229°, hepta-anisate, C 7( .H eg 0 25 N, amorphous, m p 

Phhridzm : h eptu- p-lromobenznute, C ;o H 4 -0 ); Br„ amorphous 
in. p. 130—132°, (*]j? +19-5°, and heplapahnitate, C II O ’ 
amorphous, m. p. 51°, [a]',; 5 - 9-55°. s m 

a Mctlii/l-d-glucosuk : — kl rn-ff-nn phi halenestilphuimte 

CcHkOhSj, 

snow-white powder, m. p. 147°, telra-a-bromocamphor^-mlphonate, 
C 4 ;H lw 0 ls Br 1 S 4 , glassy spheres, m. p. 150°, [«] r , +128°, antJ utra . 
pamitate, C n H 1S4 0 1(1 , needles, m. p. 69°, [a] j,’ + 46'9°. 

2:4: 6-Tribromophenol-d-f/lui'o.wte : — tetra-a-bromocamphor- it - 
mlphonute, C 12 H 65 0 JS Br ; S 4 , amorphous, m. p. 181° [ # ]» +73-1°. 
All optical data refer to solutions in chloroform. J. K. 

Compounds of High Molecular Weight. III. Derivatives 
of Raffmose and of some other Sugar Derivatives of High 
Molecular Weight. Sven Odkn (Arkiv Kem. Min. Gcol, 
1918 1919, 7, No. lo, 23 — 38). — The eleven hydroxyl groups 
of raffinose render this compound a very suitable starting 
point for the synthesis of derivatives of high molecular weight. 
The method of acylation already described was successfully applied 
in this case, and gave completely acylated products (contrast Stolle, 
A., 1901, i, 189); but the reaction took place more slowly, and some 
material was always recovered unchanged; sulphonyl chlorides 
react still leas readily than those of carboxylic acids. The products 
were all amorphous and definitely uniform, except possibly the 
nendecahexabromostearate. Amorphous derivatives were also 
obtained from saccharose, but mannitol and dulcitol furnished 
crystalline products. From inositol, only the hexa-p-bromobenzoate 
could he obtained. The following derivatives are described. 

k 2 
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liaffinose : — hendecabemoate, Cg 5 H 76 0 27 , m. p. 113°, [ajff 5 + 106*8° 
kendeca-])-chlorobenzoaie, C^H^O^Clu, m. p. 130 132°, hendeca- 
p -bromobcnzoate, CgsH^O^Brjj, m. p. 136—138°, [a/u J -f 85-2 0 , 
licndecapalmitat e, C’i^H^Oo,, in. p. 53°, [a]” 5 +31'8°, hetuleca- 
stearate , Cy !ri H ir ^0 27 , m. p. 62°, [a]n + 28'3°, hendecacerotaU 
C 304 H 582 ° 27 ." m - P- 68 °. hendecahexabromostearate, C 2 I 6 H M 0 O 27 Br 66l 
ill. p. 147 — 148°, [a] D ca. +12°, and hendecanaphihalenemlphonate, 

^128 H 98°3S S ll> m - P- Ca - 126 °' 

Sucrose: — octacinnamate, Cjy ftf/bo' m. p. 87 88 1 -, [a])) — 1 2 ■ o 0 , 

and octa-p-bromobenzoate, CggH^OjgBrg, m. p. 116 118°, [aj D 

+ 27°. 

JJulcitol : — hexa-p-ehlorobenzoate, m. p. 238°, and 

hexapalmitale, C 1K II 194 0i,, in. p. 74°, both optically inactive. 

d- .Mannitol : — heza-p-bromobnizoate, CbgHjoOjoBrj, prisms, m. p. 
96°, [a]L ! +29-6°. 

Inositol : — /i e {(I p b romoh cnzoat e , QjgHgyOj^Brg, prisms, m. p. 
264°, optically inactive. 

All optical data refer to solutions in chloroform. J. K. 

Diastereomeric Acyl Derivatives of some Sugars. Sven- 
Odkn (Arkiv Kan. M%n. Geol., 1918 — 1919, 7, No. 16, 1—16), — 
The acylation of (/-glucose by treatment with acid chlorides and 
quinoline required some days for completion at temperatures of 
30— -70°. In all cases, the product, corresponding in its sparing 
solubility in alcohol with those obtained in other instances (see pre- 
ceding abstracts), was accompanied by an isomeride, easily soluble 
in alcohol, and differing in m. p. aud specifio rotation. The less 
soluble modifications were also obtained as sole products by the 
acylation of 0-(/-glucose, usually at rather higher temperatures, and 
are therefore to be derived from 0-rf-glucose, whilst the more soluble 
forms correspond with a-rf-glucose. Similar results were obtained 
with rf-galactose and /-arabiuose. In these cases, the author designates 
the parent sugar, of which only one solid form is known, and that 
modification of tho acylated sugar which is analogous in respect of 
melting point, specific rotation, and solubility. The following com- 
pounds are described : penta-anisoyl-d-glucose, C 40 H 4 aO 1(1 , a-form, 
m. p. 98°, [a] o' + 103°, and the 0-form, amorphous, m. p. 175 , 
folg’+ll 0 ; penta-tp-nitrobenzoyl-d-ghicose, C 41 H 27 0 21 N 3 , a-form, 
m. p. 233° (decomp.), [a]S + 17G°, soluble in chloroform, and the 
0-form m p. ca. 265° (decomp.), insoluble in chloroform; penta- 
n-hromohemoiil-i-iflucose, C 41 H 27 0 I4 Br 3 , a-form, crystals m [>■ 
197°, [a] D -f 110°, and the 0-form, amorphous, m. p. 220 , |»Jd 
i-83 0 - penta-p-bromobenzoi/l-d galactose, C 4I H 27 O n Br 3l a-form, 
needles, m. p. 130°, [a] D +45°, and the 0-form, prisms, m. p. 
207-5°, fal n +107°; tetra-p-hrmnohenzoylA-arahinose, 

-y 

a-form, m. p. 205°, [a]jf +383°, and the 0-form, m. p. 118 , 

> 228°; heja-n-nitroheinoyleltdcitol, C^II^O^N,.., crysta s, ■ P 
865— 268° ■ ochtrXt-nitrobemoyUucrosc, (VH^O^Nr, amorp ° -> 
m. p. 150> (decomp.); telra-p nitrobenzoyl-2 : 4 : 
d-rjlucosvh, C^rL.O^Br.,, amorphous, m. p. 247 , L«b 
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an d Utmpalmityl-Urabinose, C e0 H 134 O 9 , amorphous, m. p. 69-5», 

[o]d + ^ • . 

All optical data refer to solutions in chloroform J 

, Z he 3 T 5r7n^ f C f Tv Lak f S '- ^? BE!raEE (**>■ Chim. Acta 1 
1920, 3, 90 — 103). — See this vol., n, 194. 

Catalytic Reduction ol Furfuraldehyda. Hars Pr.kgshe.m 
and Hartmut Noth (Ber .1920 53, [B], 114-118).-The hydro- 
genation of furfuraldehyde has already been studied by Padoa and 
ponti (A., 1907 i, 146), and that of fnran by Bourguienon CA 
1908, i, 280). A new study of this subject has now supplied a con- 
necting link between the earlier results. By arrangin'? that the 
furfuraldehyde is exposed to the reduced nickel as much Is possible 
the authors have obtained furan, l-metbylfuran, and a dihydro- 
furan, besides the products described by Padoa and Ponti. It 
appears, therefore, that the hydrogenation of furfuraldehyde 
proceeds in three ways concurrently: (I) reduction of the aldehyde 
group as far as methyl, and then hydrogenation of tho ring- 
(II) expulsion of the aldehyde group with the formation of furan 
and further hydrogenation; and (III) rupture of the riim and 
formation of pentan-|6-ol and methyl propyl ketone, ,T. C °W 

Some Reactions of Calcium Hydride. Sigirmond Reich 
and H. O. Serpek (Helv. Chim. Ada, 1920, 3. 138- 144).— The 
present investigation was undertaken on account of the importance 
of calcium hydride as a reducing agent, particularly in organic 
chemistry, and also because the data recorded by Moissan, by Erd- 
mann and van der Smissen (A., 1903. ii. 587), and by Mayer and 
Altmayer (A., 1908. i, 845) are discordant in many respects. 

Carbon monoxide is reduced hy calcium hvdride heated to dull 
redness, with the formation of hvdrogen. 'methane, and form- 
aldehyde, rather more than 16°6 of the carbon monoxide being 
converted into the latter. When a mixture of the hydride with 
sodium hydrogen carbonate is gentlv heated, formic acid is pro- 
duced, the yield being 13-2% of that theoretically possible; a similar 
result is obtained when normal sodium carbonate is used. 
Ammonia is formed in small amount when nitrogen is passed over 
calcium hydride at, about 500°, but the main reaction appears to 
consist in the formation of calcium nitride, 

30aTL + N, - Ca-,N, + 3 IT.,. 

Acetone reacts energetically with finely divided calcium hydride. 

giving mesityl oxide, b. p. 128 -130°, and 
O the substance (annexed formula), b. p. 

/\ 226 — 236°; acetophenone also yields con- 

fj'CRMcj densation products with calcium hydride 
CHMeyC ' CMe at 240°, but these have not been fully 

\/ investigated. 

O Quinoline is converted at 220° into 

BB-diquinolyl. needles, m. p. 190°, whilst 
pyridine at 160 — 165° yields a small quantity of crystalline matter. 
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m. p p 54 — 56°, which does not appear to be identical with any 
known dipyridyl. 

Other organic compounds, such as ethyl acetate, benzene, nitro- 
benzene, and anthraquinone, did not appear to react with calcium 
'hydride under varying conditions of temperature. Calcium 
hydride, therefore, only appears to react as a reducing agent at 
very high temperatures, and its use in the hydrogenation of organic 
compounds must be very limited, the more so since its action, when 
it does occur, appears to lead preferably to condensations. 

When calcium hydride is added to an ethereal solution of ferric 
chloride, hydrogen is evolved, and a hrown precipitate is produced 
which is soluble in water to an acid solution ; its composition is 
represented by the formula Ca 3 FeCl-(C 4 n ift O) 3 . H. \V. 

Dipicrates of Arginine and Histidine. L. Hucounenq and 
G-. Florence (Bull. Soc. Chem. Biol.. 1919, 1, 102 — 106). — The 
dipicrates have been prepared by the action of picric acid on the 
monopicrates in ethereal solution. Arrpnine, dipicrate, 

C„H I1 0,N 4 .(C c H 3 0 7 N 3 )’ J 

m p 156° (corr.), forms spherules of fine needles, and histidine 
dipicrate, C {! H 9 0 2 N a ,(0 f ,Hj0 7 N 3 ).,.5H,0, long needles, m. p. 80° 


Synthesis of some Purine Glucosides. Burckhardt 
Helferich and Mai.tr von Ke-hlewf.in (Ber. t 1920; 53. [5], 
17—22. Compare Fischer and Helferich. A.. 1914, i, 333).— By 
the interaction of the silver salts of purines with acetobromo- 
valactose and acetobromoarabinose, followed by hydrolysis of the 
acetates with methyl-alcoholic ammonia, further purine-glumsides 
have been obtained.' as follows. Tetraraccti/lthr.ophplHn&i-galaela- 
side. C 7 H-0,NpC f H 7 0 Ac 4 , has m. p. 135—137° (corr.). [a ]? 1 
-13-97°, 12 : 96°, in toluene, and thcophylline-d-iwlartosidc forms 
long needles, m.’p. 251° (rorr. : decomp.), fa),® - 23-45°, in water. 

Tetra-aeeti/ltheobromine-d-nalaetoddr. crystallises in microscopic 

needles, m. p. 208° (decomp.). fa ]; 7 + 9-76°. in chloroform, and 
th e.ohromin e-d-oalactnsid e forms minute needles with fiThO, decomp 
above 150°, and is very speedily decomposed bv water. Trkatyl- 
theoph yllinc-l-artihi nodde, forms thin, rhombic plate, m p. 
214—216°, [o]f( + 43-34°. in s-tetrachloroethane. and theophplhn^ 
Urabinosidr crystallises in slender needles, m. p. 276— 277°, Mt 
j- 34'OS 0 , in water. ^ 


The Condensation of Ethyl Acetoacetate with p-Dimethyl- 
aminobenzaldehyde and Ammonia. Leonard Eric Hhui 
and Herbert William Cremer (T.. 1920. 117, 137—140). 


Influence of Hydrogen-ion Concentration on the VotatilT 
of Indole from Aqueous Solution. Harper F. Am ( ■ _ ' 

Chem., 1920, 41, 37—44).—’ The range of most rapid volah it 
of indole from the aqueous solutions studied is from 8 U “ 
This has led to the adoption of direct distillation in th _ ^ 

of indole (this vol., ii, 203). 
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Bing Closure in the Meta-position in the Benzene Series. 
II. Reduction of m-Xylylene Dicyanide. Julius von Braun, 

(Frl.) L. Karpf, and W. von Garn ( Ber ., 1920, 53, [5], 98 109. 

Compare this vol., i, 87).— When m-xylylene dicyanide is reduced 
by means of sodium in alcohol, the normal product, the primary 
diamine, forms only about one-seventh of the yield. The chief 
product is a saturated, secondary amine of the formula (I) or (II). 


-CHpCII,, 

CHj-Ch/ 

(I.) 


.Nil 


A- 


h OH Me, 

\ ) 

'—CHyCH/ 

(II.) 


It. yields tsophthalic acid on oxidation, and the quaternary 
ammonium hydroxide obtained from it after treatment with methyl 
iodide loses, not only water, but also dimethylamine on distilla- 
tion, giving an unsaturated hydrocarbon, (III) or (IV). This may 


A-ch s -oh 2 

/"Yen Me 

\ / 1 

V-ch:ch 

\/ 1 

ch:oh 

(in.) 

(IV.) 


be reduced to a saturated hydrocarbon, and both compounds yield 
isophthalic add on oxidation. This result indicates, therefore, that, 
contrary to all experience, the two meta-carbon atoms in the 
benzene ring may be connected, not only by a chain containing 
nitrogen, but by a simple carbon chain also. 

m-Di-fl-aminoethyllenzene, CfJT^CHyCnj-NHJo, is a colourless 
liquid with b. p. 1 65 — 170’°/20 mm. It absorbs carbon dioxide 
from the air. forms a dihydrochlorule, m. p. 290°. a platinichloride, 
m. p. 238°, and a picratc , m. p. 238°. Unlike the corresponding 
diamine of the ortho-series (A.. 1917. i, 130), it reacts with methyl 
iodide to form a hisquaternary iodide, C fl H,(CH.pCH l ,-NMe 3 I) 2 , 


m. p. 212°. 

The secondary amine, (T) or (II). has b. p. 97 — 98° / 1 6 mm., and 
forms a hydrochloride, m. p. 160°, a platinichloride, m, p. 232°, a 
sulphur-yellow picrate, m. p, 176°, a benzoyl derivative, leaflets, 
m. p. 72°, a phenylfhioearbamide, C- n TI. N'CS'NII Ph. leaflets, 
m. p. 87°, an oily mfroso-compound, and a quaternary methiodide, 
C 10 H,,NMeJ, leaflets, m. p. 236° (corresponding chloride, and 
platinichloride, C, ( H, t „N.Xl r ,Pt. m. p. 228°). It also reacts with 

o-xylylene dibromide to form the compound,, 

Br ’ 

m. p. 168—169°. The unsaturated hydrocarbon , (TII) or (IV), is 
a mobile liquid with intense, characteristic odour, b. p. 62 63°/ 
18 mm., Df 0'900 (unusuallv low compared with the isomeric 
hydrocarbons, C, 0 H 10 ), «!? 1-54029. It polymerises like styrene, and 
forms a dibromide, in. p. 48°. On reduction by means of colloidal 
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palladium, it yields the hydrocarbon , C ]0 Hj 2 , which is a mobile 
liquid with pleasant odour and abnormally low density, b n 
50-5— 51-5°/14 mm„ Df 0-852, < s 1-4968. J. C. W. 


Preparation of 3 : 6-Diaminoacridme. Poulenc Frkres and 
Robert Meter (Brit. Pat. 137214). — m-Phenylenediamine is 
melted at 130° with formic acid, or oxalic acid and glycerol or 
other polyhydric alcohol, and a condensing agent such as anhydrous 
zinc or calcium chloride ; when the evolution of carbon dioxide has 
ceased, the temperature is raised to, and maintained for two hours 
at, 150 — 170°, and the diaminoaeridine is isolated from the 
resultant, almost solid mass by treatment with water and ammonia 
It may be purified through its sulphate, which is sparingly soluble 
in very dilute sulphuric acid. [See, further, J. floe. Chem.. Ind 
1920, March.] G. P. M. " 


Rhodanines. Ch. Gkanacher (Heh >. Chim. Acta, 1920, 3, 
152 — 163). — The author has attempted to elucidate the constitu- 
tion of Nencki’s rhodanine red, but great difficulty has been ex- 
perienced in purifying the dye, since it could not be caused to 
crystallise; analyses of tbe product, moreover, show it to be more 
complex than was anticipated It lias, however, been shown that 
the imino-hydrogen of the rhodanine is not concerned with its 
oxidation by ferric chloride, since jV-substituted rhodanines, such 
as 3-phenylrhodanine, also yield red dyes under suitable conditions. 
On tbe oiher band, benzylidenerbodanine is not affected by ferric 
chloride, so that the presence of a free methylene group appears 
essential to the production of a dye. 

Rhodanine appears to be tautomeric with 4-hyd roxy-2-thiol- 
thiazole, since it can be readily transformed in alkaline solution into 

C(SBz)N 

tbe colourless benzoyl derivative, O-OBz’ w “ ! “ the 


methylene hydrogen atoms are substituted, 
rhodanine, the yellow inonobenzoyl derivative, 


benzylidene- 
,C(SBz)=N 

c(:cHPh)-Co’ 

is produced. Alkvlidenerhodanines react with aniline and phenyl- 
hydrazine to yield the corresponding phenylhydrazones and 
anilides, the sulphur of the thio-keto-group being removed as 
hydrogen sulphide. Since aniline is comparatively readily removed 
from these anilides, they can be employed for condensing the 
rhodanine molecule with compounds containing a reactive methylene 


benzvlidenerhodanineanilide can be con- 
densed with a second molecule of 
rhodanine to yield 5-bcnzylidene--V- 
rhodanylidene - 2 - rhodanine (annexed 
formula). Reaction with aniline or 
phenylhydrazine proceeds in a totally 
different manner with rhodanines. such 
as .V phenyl rhodanine. which contain the free methylene group; in 


group; in 

NH-CO 

i i 

SC c~ 

\/ 

s 


i his manner, 

NII-CO 

=C CiCHPh 

\/ 

s 
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tbs case, the sulphur of the thio-keto-group remains unaffected, and 
complete fission of the rhodanine ring occurs, with formation of 
tbocarbamides or thiosemicarbazides, reaction occurring so readilv 
that the process is conveniently used for the preparation of the 
latter class of substances. 

The following individual substances are described: dibmzovl 
rhodanme, colourless needles, m. p. 126°; 5-bem y lidene-2-bcmo V l- 
mercaptothmzolme , deep yellow leaflets, m. p. 151— 152° • 5 -benzvl- 
idenerhodanine-2-phenylhydrazone , orange-red leaflets m p 219° 
after softening at 210 °; b-^Hmethylaminobenzylidk.rhodanine. 

2-phenylhydraione, red leaflets, m. p. 282° (decomp.)- 5 -benzyl- 
idenerhodanine-2-anilide, pink leaflets, m. p. 252—253° after 

softening at 248°; 5-p-dimethylaminobemylide„erhodanine-2- 

aniMe, dark yellow leaflets, m. p. 308° (hydrolysis of the two sub- 
stances last named pleads to the formation of 2 : 4 -diketo- 5 -benzyl- 


ideneth i azolidine, 


NH-Ctt 


>C:CHPh, m. 


p. 238—240°, and of 


2 : i-diketo-5-p-dimethyhmtnobenzylidmethiazoHdine long orange- 
yellow needles, m. p. 296°, respectively); b-benzylidcneh'- 
riiMlanyhdene-2-rhodanme, brown leaflets; diphenyltkiocarbamitle 
colourless leaflets, m. p. 151—152°; diphenyllhiosemicarbatide, 
long, colourless needles, m. p. 176- -177°. jj W 


Acyl Substituted isoThiohydantoins. Augustus Edward 
Dixon and Raymond Thomas Joachim Kennedy (T. 1920 117 

7/f 7G\ \ > J 


p-Cymylene-2 : 6 diamine and the Formation of 2 : 4-Di- 
nitrotoluene by the Nitration of p Cymene. J. Alfthan (Ber., 
1920, 53, [B\ 78 — 98). — With a view to the utilisation of the large 
quantities of />cymene which accumulate in the sulphite-cellulose 
industry (1 kilo, per ton of cellulose). Aschan has studied the nitra- 
tion of the hydrocarbon (Finska KemUtmmfvndets Mcddelanden, 
1916, 25, 122). The conditions finally adopted, and now described, 
are the gradual addition of one part of cvmene to a mixture of 
two parts of nitric acid (D 1’5) and four parts of sulphuric acid 
(1‘84), the temperature being kept below 0°. The main product 
is a crude dinitro-derivative, which may be reduced to a crude 
diamine. When this is examined, it is found to consist of some 
2:4-tolylenediamiiie, but chiefly ;>cymylene- 2 : 6 -diamine, a new 
base. The occurrence of the toluene derivative therefore suggests 
that 2 :4-dinitrotoluene is present in the nitration product, the 
wopropyl group having been expelled by a nitro-group. The 
mechanism of this displacement is discussed, but various probable 
suggestions are negatived by experience, and the question is left 
open. There also seems to be little hope of making the dinitro- 
toluene the main product., and so utilising cymene as a source of 
trinitrotoluene. 

The separation of the products of nitration is a difficult, matter, 

k* 
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distillation under reduced pressure being the best method. The 
crude product is partly oily and partly solid, the latter yielding 
2 : 4-dinitrotoluene, m.' p. 70°, b. p. below 161°/6 mm., and 
2 : 6-dinitro-p-cymene, m. p. 54°, b. p. 161 — 163°/6 mm. The oil 
contains, in addition, cymene, p-tolyl methyl ketone, and a mono 
nitrocymene, which can be converted into the above dinitro- 
cymene. The crude dinitro-compounds are reduced by means of 
tin and sine and hydrochloric acid (tin at the commencement, zinc 
after the reaction has set in), and the crude diamines separated by 
fractional distillation under 15 mm. pressure. 

2 : 4-Tolylenediamine, purified by crystallisation from benzene, 
forms pale yellow, very hard needles, m. p. 98 — 99°, b. p, 
1 go — -168°/15 mm., and -p-cymylene-2 : 6-diamine, 
[Me:Pr/»:NH.,:NH 3 = l:4:2:6j, 

separates from 20% alcohol in glistening, thin leaflets, m. p. 
95_96°, b. p. 300— 300'5°/768 mm., 158 — 162°/10 mm., 07469 
gram dissolving in 100 grams of water at 25°. The following salts 
of p-cymylene-2 ; 6-diamine are described: hydrochloride, needles, 
decomp 180 — 200°; characteristic zincichloride, 
C 10 H,.,(NH,,HCl) 2 ,ZnCl ; , 

pale pink needles, decomp, above 245°; hydrogen svdphate, 
B,2H 2 S0 4 , 

decomp. 250°; nitrate, long leaflets, dccomp. 170°; hydrogen 
oxalate, B,2H„C,0 4 . rods, m. p. 188—189° (decomp.); and thio- 
cyanate, needles,' m. p. 137°. The diacetyl derivative, 

C 10 H 1 »(NHAc) 2 , 

crystallises in thin needles, m. p. 254°, and yields a 3-mJro-oom- 
pound, needles, m. p. 280—282°, which may be hydrolysed to 
Z-nitro-p-cymyhne-‘l : 6-diamine, yellow needles, m. p. 187°. The 
dibenzoyl derivative forms needles, m. p. 246 — 247°. 

Condensation products of the cymylenediamine are as follows: 
with formaldehyde, 2-.6-bUmethylenemino-p-cymene, 

c lfl n I ,,(N:cH 2 ) 2 , 

m p 170 igo° (decomp.); from the chloride and potassium 

evanate or thiocyanate, 2 : S-dicarhamido-p-cymene, 
C„,H,.,(NH-CO-NH 2 ),, 

needles, m. p. 270—280° (decomp.), and 2:6-dithiocarbamidw- 
cymene m. p. 165—175° (decomp.); with carbon disulphide and 
alcoholic potassium hydroxide, 2-methyl-5-isopropyl-l : XphenyUnt- 


thwearbamide , 


. C H ■ C NH 

CPr’f >CMe >CS, 
'CHiO NH 7 


m p. 157 — 158°; and with alcoholic oxalic acid, m- 
o.ramic acid, NII 2 , C 10 H 12 'NH , CO - CO.,H, m. p. 


aminocymyl- 

217—218° 


^Th^foilowing dyes have also been prepared: a dark red 
hydroxvazo- dye, C 30 H 22 O 14 N 4 S 4 Na ( . by diazot.s.ng at a low Wp 
ture, to avoid the production of a Bismarck-brown, ai P = 
with sodium 6-naphthol-3 : 6-disulphonate; a chrymdtne ol 
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formula (I), reddish-yellow cubes, m. p. 114—115°, by coupling 
with diazotised o-toluidine; and a brownish-yellow eurhodine, m. p° 


Me 

N Me 

l J C.H/ \NH a 

NMe/Y\/\ N 

l .'Me 

%/\/\/ 

\/ 

N C a H, 

NIL 


(I.) 

(It) 


177 — 178°, of the formula (II), by condensation with p-nitroso- 
dimethylaniline. J C \V 

2-Nitro-4 cyanobenzaldehyde and 6 : 6 -Dicyanoindigotin. 

g. RErCH and E. Lenz (llelv. Chim. Acta , 1920. 3, 144 151).— 1 

2-Nitro-p-toluonitrile, colourless, shining needles, ni. p. 107°, is 
prepared from 2-nitro-p-toluidine by a modification of the method 
of Niementowski and Noyes, and is converted by p nitrosodimethyl- 
aniline in alcoholic solution in the presence of sodium carbonate 
into p - dimethi/laminophen/il - 2 - vitro - 4 - cyanophenylaiomethine 
[^-nitro-i-ct/anobcnzyUdene-p-phenylenedimethyldiamhe] ' 
NMa,-C c H 4 ; N:Cn-C (; H 3 (CN)(NOo), 

almost black needles, m. p. 182-5—183° (decomp!), which is hydro- 
lysed by hydrochloric acid, yielding ‘Z-nitro-i-cyaiwbenzaldehydc, 
red needles, m. p. 110°. The latter yields an oxime, red needles, 
m. p. 142 — 143°, and a phenylhydrazone, bright red crystals, m. p. 
202 — 203° (decomp.), which could not be converted by potassium 
hydroxide in aqueous-alcoholic solution into an e'soindazole deriv- 
ative, a fact which is interpreted as further evidence in favour of 
Reich’s views on the influence of the accumulation of atoms and 
atomic groups round the aldehydic carbon atom on such condensa- 
tions (compare Reich and Nicolaeva, A., 1919, i, 171). The 
aldehyde, when dissolved in benzene, is converted by exposure to 
sunlight into 2-nitroso-i-cyanobenzoic add , small, yellow crystals, 
which begin to darken at about 210°, and have m. p. 250° 
(decomp.). When a solution of the aldehyde in acetone is treated 
with dilute sodium hydroxide solution, 6 : 6 ' -dicyanoivdiijotin is 
deposited as a bluish-violet powder with metallic lustre; when 
heated, it does not sublime, but decomposes, with evolution of 
reddish-violet vapours. When reduced with sodium hyposulphite, 
it dyes wool and cotton from an alkaline hath iu reddish-purple 
shades, which become blue with a tinge of violet on exposure to 
air, oxidatiou proceeding more slowdv than with indigotin. The 
shades are fast to light and milling. H. W. 

Preparation of Easily Soluble Compounds of the CC-Di- 
alkyl-, CC-Diallyl-, and C’C-Alkylaryl-barbituric Acids. F. 

Hoffmann, La Roche & Co. (Brit. Pat. 122778). — Easily soluble 
compounds of these acids are obtained by combining them with 
alkylamines, for example, diethylamine or diniethylamine, by add- 

k* 2 
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ing rather more than the theoretical amount of alkylamine to the 
free acid, so that the latter is dissolved, and then evaporating oil 
the excess of amine. The products are more powerful hypnotics 
than the free acids, and much more stable in aqueous solution than 
their sodium salts. 


Action of o-Aminothiophenol on Orthoquinones. I. 
5-Imino-7 : 12-naphthaphenthiazine. Knut Stahrfoss (Helv. 
Chirn. Ada, 1920, 3, 134— 138).— o-Aminothiophenol hydrochloride 
reacts with 4-amino- 1 : 2-naphthaquinone in boiling 80% acetic acid 
solution, with formation of 5-imino-l : 12 - 
naphthaphenthiaiint hydrochloride, a choco- 
late-brown powder, which is stable in air and 
readily soluble in water. The platinichloride 
was analysed. The free base (annexed 
formula) is an unstable, yellow substance. 
The constitution of the substance follows from 
the conversion of the hydrochloride by con- 
centrated sulphuric acid into a naphthaphenazthione, identical with 
that formed from o-aminothiophenol and 4-hydroxynaphtha- 
quinone. W. 


/\ 

k / 1 


HN 


New Bases for the Preparation of Mordant Dyes . H mntcH 
Bamberger (Zeitteh. antjew. Chem., 1920, 33, i. 8).— The chlorides 
of o-nitrophenol-p-sulphonie acid, 6-nitro-o-cresol-p-sulphomc acid, 
and 6-nitrosalicyl-p-sulphonic acid, obtained by treatment of their 
potassium salts with chlorosulphonic acid, react- quantitatively with 
aromatic amines, diamines, amino-carboxylic acids, or amino-phenols, 
and with amino-snlphonic acids or amino-phenolsulphonic acids^ of 
the benzene or naphthalene series. By reducing the resulting 
sulphamido- compounds with sodium sulphide, valuable bases are 
produced for mono- and bisazo-mordant dyes, which give colours 
ranginv from yellow to bluish-violet (compare Swiss Pat. 
81249—81256; Fr. Pat. 490177 [1918]). J- K - 


Certain Salts with para-, ortho-, and meta-Qmnonoid 
Structure. K. Ciusa (Atli 11 Accad. Lmcei , 1919, [v , 48, 
ii 366— 371).— In contact with alkali, best in acetone solution, 
IMiitronhenylliydrazones are turned violet, addition of water to the 
solution or acidification yielding the initial hydrazones unchanged. 
That the corresponding salts, which are easily obtainable, differ 
structure from the nitrohydrazones themselves is shown by their 
Sent colour in solution and by their different absolve, 
spectrum. To explain the intense colour of these ^ salts the simp 
quinenoid constitution ^insufficient, the assumption of the more 

complex formula, I. in which thp metl1, V \ “ 

united hv secondary valencies to the rest of the 
necessary ; the position at which the secondary valenci. 
uncertain. Similar complex formul® are attributed to 
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quinonoid salts dealt with in the paper. The following salts have 
been prepared: the potassium salt of benzaldehyde u-mtronhem-l 

hydrazone, CHPh:N‘N:C 6 H 4 :N0 2 K ; the d.sod Jn », of ' 
ldenepyruvic acid-p-nitrophenylhydrazone, 3 

CHPh:CH-C(COjNa):N-N:C 6 H 4 :NO,Na • 

the dipoteasaum salt of benzoylglyoxylie acid-fnitropheuylhydr- 
azone, C0 2 K-GBz.N*N.C 6 H 4 .N0 2 K. J 3 

In alcoholic or acetone solution, o-nitrophenylhydrazones also 
dissolve in alkali, the solutions assuming a blue coloration Crystal 
line salts of benzaldehyde -o-nitrophenylhydrazone have 'not been 
obtained, although the sodium salt (I) certainly exists in solution 


CHPhIN-N 



co.k-cbzin-n: 



but the dipctassium salt of benzoylglyoxylic acid-u-nitrophenyl- 
hydrazone (II) has been prepared in shining, bronze-coloured 
crystals or as a blue powder. 

It has been stated that benzophenonc-/H-iiitrophenylhyrlrazoue 
does not undergo salt formation in contact with alcoholic potassium 
hydroxide. The author finds, however, that a very slight change 
of colour does take place under these conditions, and that, m 
acetone solution, m-nit-rophenylhydrazones give a green coloration 
with the alcoholic alkali, addition of water then resulting in the 
formation of the unaltered nitropheuylhydrazones. The” absorp- 
tion spectrum of such an alkaline solution' differs from that of the 
original hydrazone, and persists even on dilution of the liquid. In 
this case, it has not been found possible to obtain crystallised salts, 
but it may be assumed that- the salt formation occurs with change 
from the benzenoid to the m-quinouoid structure, 
CHPhlN-NlCWNOjM; 

such m-quinonoid saline compounds are certainly readily hydro- 
lysable, and the tendency to their formation small. 

The experimental results are to he published elsewhere. 

T. H. P. 


Amine oxidation. II. Bivalent Nitrogen. Triphenyl- 
hydrazyl. Stefan Goldschmidt ( Bcr ., 1920, 53, [D], 44 — 62). — - 
When an ethereal solution of tviphenylhydrazine (Wieland, A., 
1915, i. 797) is shaken with lead peroxide, a fugitive, deep blue 
solution is formed which has the characteristics of solutions of 
compounds with bivalent nitrogen (Wieland. iW,, 348). This 
suggests that oxidation to hrraphenyltetrazanr has taken place, 
this being dissociated in solution into triiihnii/Uii/tlmzi/l, thus: 

2NPh,-NHPh -» NPh.,-NPb-NPh-NPh, 2NPh,-NPh 

By carrying out the oxidation in methyl ether at —55° to —GO 0 , the 
tetrazan may actually be isolated as a very pale, green crust, which 
is sparingly soluble in chilled ether or light petroleum, but more 
soluble in toluene or chloroform. The solutions are deep blue and 
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do not obey Beer's dilution law, thus confirming the idea*of dis- 
sociation. The dissociation depends on temperature and on the 
solvent. For example, ethereal solutions, which are only pal,, 
greenish-blue at - 80°, are deep blue at the ordinary temperature 
and chloroform solutions are darker than ethereal solutions under 
the same conditions. The substance may be analysed by means of 
quinol, this causing reduction to triphenylhydrazine, when the 
liberated quinone can be titrated iodometrieally. 

Triphenylhydrazyl is not sensitive to oxygen, but combines with 
nitric oxide at low temperatures to form iV-nitrosotriphenjdhydr- 
azine, golden prisms, m. p. 115° (Busch, A., 1907, i, 552). It also 
combines with triphenylmetliy], but this agent reacts too slowly to 
permit of the isolation of a pure product before the tripheny]. 
hydrazyl has decomposed. The decomposition of triphenylhydrazyl 
is accompanied by change of colour, through green to reddish- 
brown, the products being diphenylamine and quinoneanildiphenvl- 
hydrazone, NPh 2 'N:C 6 H ( !NPh (Wieland, A., 1911, i, 82). Ethereal 
solutions of triphenylhydrazine also develop the blue colour of tri- 
phenylhydrazyl on exposure to sunlight, and then yield the same 
decomposition products. 

When a mixture of aniline and triphenylhydrazine in ether is 
oxidised by lead peroxide, benzoquinoneanildiphenylhydrazone is 
again formed. This is interpreted a* the fusion of the two 
radicles, NPfvNFh- + INPh — > NPh/N:C c ir 4 !NPli (compare this 
vol,, i, 226), and is confirmed by the fact that a mixture o( 
cumidine and triphenylhydrazine gives a homologous compound 
(annexed formula), which crystallises in 
hie the form of its hydrochloride in bluish- 


Me; 


|-N:o 6 H 4 :N’NPh, 

/ 


violet, stout spikes, m. p. 152—153°. 
Both compounds exhibit only one 
absorption band, the aniline derivative 


Me 


.at 465 — 650 pu and the new one at 


475 — 525 pp. The identity of the new 


compound is established by reduction to diphenylamine and 
p-aminophenylciimylnminr, NTT ‘C l! yNll'O.H.Me., concentric 
groups of needles, in. p. 86—87°. 

These facts are discussed in connexion with Wieland’s views mi 


the decomposition of triphenylhydrazine. It is suggested that the 
products are best interpreted by assuming an initial dissociation 
into H and NPlvNPh'. 


When triphenylhydrazine is treated with ethereal hydrogen 
chloride at —20°, it yields JP-phenvlbenzidine (Busch, loc. cit.). 
This is oxidised by lead peroxide in ether to diphenoijuinanephenyl- 
di-imine, NPh!C c H 4 'C, HpNII, yellowish-red needles, m. p. 
180—181°. ' J. C. W. 


Hsmoglobin. I. Optical Constants. William H. Welker 
and Chahi.es Spencer Williamson (-1 . Ilinl. (-hem.. 1920, 41, 
75 — 79). — By employing the method of Marshall and Welker (A-. 
1913. ii, 568) for removing small amounts of other eolloids from 
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hsmogSbin solutions, the authors were able to prepare purer speci- 
mens of crystallised hemoglobin, which could be used for the study 
of the absorption coefficients of the pigment from various species 
The results obtained indicate that there is not sufficient difference 
in the absorption coefficients of the hemoglobin of' various species 
to serve as a means of identification of the species. J. C D 

The Structure of Yeast-nucleic Acid. V. Ammonia 

Hydrolysis. P. A. Levexf. ( J . Biol. Chem ., 1920, 41, ID 23). 

The fourth nucleotide, cytidine phosphoric acid, C 9 H )4 0 B N 3 P m p 
225° (corr. ; decomp.), [«]“ +40-43°, has now been obtained in 
a crystalline condition. There is a danger of error in assuming 
the existence of di- or tri-nucleotides on the basis of the results of 
elementary analysis, for it is shown that the free nucleotides, as 
well as their brucine salts, are capable of forming mixed crystals, 
which may furnish analytical data very nearly approaching those 
required by polynucleotides. J. C. D. 

Crystalline Uridinephosphoric Acid. P. A. Levenf. (J. 
Biol. Chem., 1920, 41, 1 — -2). — The crystalline diammonium salt 
of uridinepbospboric acid was converted into the lead salt, which 
was decomposed by hydrogen sulphide. From the concentrated 
filtrate, the free uridinephosphoric acid, C 9 H l;i O,N.,P. was obtained 
in a crystalline condition, m, p. 202° (corr. ; decomp.), [o]^ 1 +10'5°. 
This research marks an important step in the chemistry of yeast- 
nucleic acid, as every one of the four constituent nucleotides has 
now been prepared in crystalline form. .T. C. ]). 


Physiological Chemistry. 


Estimation o! the Alkalinity of Blood. Pedko J. Pando 
(Rev. Farm.., Buenos- Ayreg, 1919. 167; from J. Pharm. Chirn., 1919, 
[vii], 20, 394 — 395). —A small llask containing 20 c.c. of water, 
1 gram of 10% sodium citrate solution, and 10 c.c. of N/ 200- 
sulphuric acid is weighed ; about 0'2 gram of blood is collected 
directly in the flask, which is ayain weighed. After the addition 
of 1 gram of animal charcoal, the mixture is diluted to 50 c.c., 
filtered, and 45 c.c. of the filtrate are titrated with if/200-sodium 
hydroxide solution, using phenolphtbalein as indicator. By this 
method, normal blood exhibits an alkalinity equivalent to 5*50 
grams of sodium hydroxide per 1000 grams. W. P. S. 

The Presence of Hsematin in Human Blood Serum. III. 
Further Results from Toxicological Practice. Joh. Feihl 
(Biochem. Zeitsch., 1919, 93, 119-127. Compare A., 1918, i ,241) 
— From observations made on munition workers, it was found t at 
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hsematinremia is an important phenomenon in the coursg of the 
decomposition of blood brought about by the toxic effect of nitrous 
fumes (NOo.NjOj), and is more apparent than the contemporary 
incipient niethaemoglobimemia. Out of about thirty cases of g aa 
poisoning (from the front), eight showed hrematinsemia ten to 
twenty-eight days after the intoxication. No definite information 
as to the presence of haematin in the serum of “Rontgen gas” 
cases is so far available. Hsematinacmia was absent in eases of 
zinc, copper, and lead poisoning. A case of arsenic hydride poison- 
ing showed hasmatiniemia. The histories of some of the cases are 
given. S. g. % 

Antigens. XIII. The Significance of the Protein Com- 
ponents in the Precipitin Reaction of the Azoproteins 

Karl Landstetner ( Biochem . Zeitsck., 1919, 93, 106 — 119. Com- 
pare A., 1918, i, 321). — Immune sera were prepared by the injec- 
tion of azotised horse sera, prepared by the coupling of the serum 
with the diazo-eompounds of aiiiline-m-snlphonic acid and 
p-arsanilic acid respectively. The precipitin reactions of the sera 
were then tested on various proteins azotised by means of the 
diazo-compounds of anilinc-m sulphonic acid and p-arsanilic acid. 
With the exception of gelatin and peptone, the aniline-m-sulphomc 
acid immune serum precipitated all the proteins azotised by means 
of the aniline-M-sulphonic diazo-derivative, but not the proteins 
azotised with the p-arsanilic acid derivative. The reverse happened 
with p-arsanilie add immune serum. The author suggests that 
the usual immunological serum reactions do not depend on the 
specific chemical structure of the respective proteins, hut on the 
dimensions of the molecule of these proteins, S. S. Z. 


Availability of Carbohydrate in certain Vegetables. 

W. H. Olmsted (J. Biol Chew.. 1920, 41. 45 — 58),— Vegetables 
of low carbohydrate content, such as cabbage, spinach, and lettuce, 
are frequently employed in the diet of patients with diabetes. 
Estimations of the sugar-forming material in such vegetables were 
therefore made, either hy hydrolysis of the starch with diastase, 
followed by estimation of the dextrose by reduction of copper solu- 
tions, or by ascertaining the extra sugar excreted hy a phloridzin- 
ised dog after administration of a known amount of the vegetable. 
The amounts of available carbohydrate in cabbage and cauliflower, 
as measured hv the latter method, are of the same order as those 
recorded in the analyses of Atwater and Bryant. The "thrice 
cooking” process frequently employed to remove carbohydrates 
from vegetables intended for consumption by diabetic patients is 
effective in reducing the amount of carbohydrate present hy 90,). 

J. C. D. 


The Influence of Alkaline and Acid Hydrolysis on the 
Absorption and Utilisation of Proteins. I. The Utilisa- 
tion of Hydrolysed Casein. Johannes Muller and Hans 
Mi'Rschhaiser (1’iochrm . Zeitxrh., 1919, 93. 34 44).- -Various 
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hydrolysis preparations of casein were fed to a terrier and the 
wtrogen metabolism was worked out i„ order t • S 

amount of the protein utilised bv the animal 96-1"/ „f 
r ein was retained by the dog. The same dein % ^sTb 
shaking with 3% sodium hydroxide and heating it for one and 
a-quarter hours in a boiling water bath under a\eflux condenser 
was only utilised to the extent of 59% When th« • ' 

heated with 3% sodium hydroxide for two hours under a "pressure 
of four atmospheres 39% of the hydrolysed product was retained 
The administration of opium per os to the dog fed on the alkaline 
product of hydrolysis of casein did not improve its retention in the 
organism On the other hand 98;6% of the casein, hydrolysed by 
heating it with 2 74% hydroehlonc and in a boiling water bath 
under a reflux condenser for four hours, was utilised Protalbic 
acid, prepared by hydrolysing casein with 3% sodium hydroxide 
under a reflux condenser and precipitating with acetic acid, was 
also tried. 29% of this product was retained. S S Z 

The Utilisation ol Yeast in the Animal Organism W 

Voltz (Biochem. Zeitsch., 1919. 93, 101—100. Compare Schilh 
A., 1918, i, 359). Living yeast, after a sojourn of six and a-half 
hours in the digestive tract of a dog, was excreted in the fasces in 
a living condition, and was capable of fermenting sugar. After 
remaining for nine and a-half hours inside the dog° the yeast cells 
were mostly dead, and about half of them were digested' The 
feces in this case contained 5% of living, 20% of diseased, and 75% 
of dead cells. 53'3% of the tola! organic matter and 4G'G% of the 
protein of the consumed yeast were utilised by the organism. Tt 
is therefore advisable to kill the yeast before utilising it for feed- 
ing purposes unless it is administered with a therapeutic object 

s. s. z. 


Occurrence ol Squalene in the Egg Oil of a Shark. 

Mitsumaku Tsimimoto ( J . Ind. Eng. (Jhem., 1920, 12. 73). 
—The oil separated from the eggs of the Japanese shark, l.epidu- 
rhinm kinhei (Tanaka), by extraction with ether was a light brown, 
semi-solid substance with an iodine value of 177-6. When treated 
with dry hydrogen chloride, it yielded 20% of squalene hexahydro- 
chloride. Squalene has also been found in the egg oil of the frill 
shark, C'fdamydnsel'ichus anr/uineus (Garman). [See, further, 
J. Six. Chem. Ind.. 1920, 197a.] C. A. M. 

Squalene : a Highly Unsaturated Hydrocarbon in Shark- 
liver Oil. Mitsumaku Tsu.iimoto (J. Ind. Eng. Cliem., 1920, 12, 
63—72). — Of the numerous species of Japanese sharks, those having 
liver oils of low sp. gr. (below 0 9) usually have the hydrocarbon, 
squalene, in the oil (A., 1918. i. 89). This constituent may be 
approximately estimated by distilling the oil under reduced pressure 
in a current of carbon dioxide or other inert gas. The amount 
thus estimated in the liver oils of twelve species of sharks ranged 
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from 71 to 84-8%. Squalene isolated from the liver oil of the 
Ai-zame shark had D[ s 0‘8591 and Dif Cl'8559. Exposed to the air 
in a thin layer, it absorbed 13-4% of oxygen in three days and 
24-0% in twenty-three days, the oxygen absorption, calculated from 
the formula CjoH^Oe, being 23’66%. The dodecabromide, 
CsoH?o Br i 2 > when' reduced with glacial acetic acid and zinc dust, 
yielded about 35% of an orange-yellow oil with 71 “ 14950. Th e 
hexahydrochloride, when recrystallised from acetone, melted at about 
125°. Its formation is the "best test for the detection of as little 
as 1% of squalene in an oil. The hexahydrobromide forms white, 
lustrous crystals, turning brown at 115 — 118°, and melting at 
125 126°, whilst the hea-ahydriodiile is an unstable, white, crystal- 

line compound, melting to a pink liquid at 108—109°. On 
dechlorinating the hexahydrochloride, a nearly colourless, oily liquid 
of Df 0'9065 was obtained. When distilled under reduced pressure, 
this yielded an oily distillate with iodine value 281. which appeared 
to be a hvdroxv-derivative of squalene with the formula 
C,,,H a ,(OH)o. " It boiled at 252 -254° (4 5 mm.), and had DJ* 0 8995 
and ng 1 14938. Squalene yielded a vellow formolite. which decom- 
posed at about 180°, but no crystalline nitrosochloride or nitroaite. 
On dry distillation, it yielded a small fraction, which was a hydro- 
carbon with molecular weight 131. Although squalene differs 
slio-htly in physical properties from the hydrocarbon, spinacene, 
isolated by Chapman from the liver oils of Portuguese sharks (T„ 
1917, 111. 56; 1918. 113. 458), it seems probable, from the 
similarity of the derivatives, that the two hydrocarbons are 
identical. [See. further, .7. Soc. Chem. Ind,, 1920. 197a, 1 

C. A, M. 


Physiology ol Glands. XXXVIII. The Influence of the 
Spleen on the Respiratory Metabolism. Nikola Daxoff 
(Biochem. Zeitsck., 1919. 93, 44— 66).— The respiratory meta- 
bolism of rats was studied by means of Haldane’s method. It was 
found that the respiratory metabolism of small animals is higher 
per unit body weight, and time than that of larger animals, and 
that it rose as the surrounding temperature sank. Rats which had 
their spleen removed used up more oxygen and produced corre- 
spondingly more carbon dioxide than normal rats. These quanti- 
ties, rose” from day to day soon after the operation. The respiratory 
quotient, however, remained the same before and after the opera- 
tion The presence of the spleen therefore reduces the respiratory 
metabolism, and its function in this respect is consequently opposite 
to that of the thyroid. S ' *' 


Formation of Lactose in the Mammary Gland. F 

ROhmann (Biorhem. Zeit*'k„ 1919. 93, 237-253).-On digest," 
the extract of the mammary gland dextrose was formet ' ' 

sugar was then converted into lmvulose and galactose, and eve t^ 

allv into lactose. These reactions were followed up by ’ 

the reduction, the rotation, the formation of mucic acid by • 
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tion With nitric acid, and the osazone formation. The degree of 
the dextrose formation and its transformation into the otherlugar 
in the extract of the mammary gland are found to he influenced 
by the condition of the activity of the gland at the time of the 
animal s death. Sucrose, which was added to the extract, was also 
degraded by it, and the products of degradation underwent further 
transformation The formation of dextrose in the extract could 
not be of the character of a glncos.de hydrolysis, as on heating the 
extract with 2—10% sulphuric acid, the reduction was only 
increased to a small extent This increase in reduction was shown 
to be due to the splitting of small quantities of lactose The author 
advances the hypothesis that dextrose, which reaches the mammary 
gland through the blood stream, is not always utilised immediately, 
but is sometimes stored there as an intermediate substance which 
by some still unknown fermentation process can lie reconverted into 
dextrose. The latter, by further enzymic activity, is converted into 
Isvulose and galactose, and eventually into lactose. S. S. Z. 


The Normal Arsenic of Living Tissues and the Traces 
of Iodine found in the Air and in Waters. Some Necessary 
Corrections. A. Gautier ( Compt . mid., 1920, 170, 261—262). 
— The author reaffirms the conclusions drawn from his previous 
work (compare A., 1900, ii, 152. 163. 226, 670; 1903, ii. 92) as to 
the occurrence of arsenic in animal tissues, but draws attention to 
possible errors in the estimation of arsenic, due to the presence of 
traces of hydrogen arsenide as an impurity in the hydrogen sulphide 
used. 

Examination of further samples of sea-water from different 
sources, previously found to give water containing iodine in a 
soluble form, now shows the complete absence of iodine in a soluble 
form, although minute traces of it in an insoluble form were found 

W. G. 


Carbonic Acid and Carbonates in Cows’ Milk. Lucius 
L. Van Slyke and John C. Baker (J. Biol, ('hem., 1919. 40. 
335— 344). — Considerable care must be taken over the collection of 
the sample to ensure that there is no loss of carbon dioxide. The 
analysis is carried out bv the method previously described for the 
estimation of carbon dioxide in blood plasma (Van Slyke. A., 1917, 
ii, 122), with one or two slight, modifications, the chief of which is 
the employment of a 20% solution of lactic acid to disengage the 
carbon dioxide. With the decrease in the hydrogen-ion concentra- 
tion there is a general tendency for the carbon dioxide content of 
milk to increase and for the degree of acidity, as measured bv titra- 
tion, to decrease. The result? are higher than those recorded by 
other workers, the normal content, of carbon dioxide in milk being 
about 10% by volume. The carbon dioxide of milk may be. com- 
pletely removed by exhaustion, provided the milk is spread out in 
a thin film and kept in motion. The removal of carbon dioxide 
results in a decrease in the hydrogen-ion concentration. When 



i. 264 


ABSTRACTS OP CHEMICAL PAPERS. 


milk is pasteurised, the carbon dioxide content is decreased, hut 
the hydrogen-ion concentration is unchanged. When the carbon 
dioxide has been completely removed prior to pasteurisation, the 
hydrogen-ion concentration increases appreciably. It is suggested 
that the decrease of carbon dioxide in pasteurised milk mi<>ht be 
made the basis of a method for distinguishing pasteurised from 
normal milk. 

Carbon dioxide in milk is present as carbonic acid and as 
bicarbonate, probably of sodium, the ratio being about 1 to 2. The 
tension of carbon dioxide in milk is calculated to be about 
50 — 55 mm. of mercury at 20° in the case, of a O'OliV-solution with 
p n value of 6'60. J. C. D. 

The Influence of the Acidity of the Milk on the Velocity 
of Inactivation of the Peroxydase by Heat. A. Bouma and 
W. van Dam ( Biochem . Zeitsch., 1918, 92, 385 — 397).— The 
influence of the hydrogen-ion concentration on the inactivation of 
the peroxydase in milk at 70-55 0 was studied. At 70°, the p„ i s 
two and a-half to three times higher than at the ordinary tempera- 
ture. The addition of so much lactic acid to the milk as was just 
insufficient to curdle it on pasteurisation had no effect on the 
velocity constant of the inactivation of the enzyme at that tempera- 
ture. On the other hand, the addition of sodium hydroxide and 
ammonia greatly accelerated the destruction of the peroxydase. 
This confirms the preliminary observations previously made bv 
Zilva. ' S. S. Z. " 

The Physiological Action of the Proteinogenic Amines. 
I. The Influence of Proteinogenic Amines on the Nitrogen 
Metabolism of Dogs from which the Thyroid has been 
Removed. J. Abelin ( Biochem . Zeitsch., 1919, 93, 128 — 149).— 
Phenylethvlamine. /i-hvdroxyphenylethylamine, and eventually 
isoamylamine were administered per os to dogs from which the 
thyroid had previously been removed. An increase in the meta- 
bolism and greater diuresis were observed as a result of the treat- 
ment. A decrease in body weight was also recorded. As the 
pharmacological action of the above amines resembles that of the 
protein substances from the thyroid, it is suggested that 
the action of the thyroid on the metabolism is not. due to the 
protein substances themselves, but to derivatives emanating from 
them. S. S. Z. 

Physiological Action of Aromatic Diamines. Hicharo 
Meissner ( Binchnn . Zritseh., 1919, 93. 149- 163). — «- and 
i/i-Phenylenediaiiiines, in contradistinction to //-phenylenediamine, 
are tolerated by frogs in liigh doses. o-Phenylenediainine has also 
no toxic effect, on rabbits. Cats, on the other hand, develop oedema 
typical of p phenvlenediauiine intoxication on administration ot 
the ortho-compound. w-Phenylenediamine produces no oedema nj 
cats ami rabbits, but. the latter animal develops ascites. The met \ 
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derivatives of the above isomendes produce cerebral manifestations 
and prove fatal even when given in small doses, but no oedema can 
be observed. The diethyl and monoacetyl derivatives, on the other 
band, cause swellings in the head and neck. The insoluble diacetyl- 
and ethoxy-p-pheny enediamine are inactive. Triamino-benzene 
-toluene, and -phenol produced methaanoglobinuria in cats, but not 
cedema. g’ g z 


The Pharmacology of Compounds Resembling Digitalis 
in their Activity. Margarets Walter (Biochcm. Zeitsck 1918 
92, 267— 282).— The diffusibility, electrical charge, adsorption, and 
the reversibility of the action oil the heart of compounds resembling 
digitalis in their activity were studied. No connexion between 
these properties could be established. g. g. Z . 


Chemistry of Vegetable Physiology and Agriculture. 


The Efiect of Nitrogen fixing Organisms and Nucleic 
Acid Derivatives on Plant Growth. \V. IS. ISottomlev (Proc. 
Hoy. Soc,., 1920, [5], 91, 83 — 95). The crude nucleic acid deriv- 
atives from bacterised peat and the growth products from Azoto- 
hacttr chroococcum or from Bacillus radicicola each exert a very 
marked influence in increasing the growth of plants of Lemna minor 
in water culture. Not only is there an increase in the number of 
plants formed, but also in the weight of the plants. The crude 
nucleic acid derivatives, which are about as effective as the Azoto- 
bacter growth, are much more effective than the pure adenine- 
uracil dinucleotide derived from them. The joint effect of the 
crude nucleic acid derivatives and Azolohacter growth is much 
greater than the sum of their individual effects, being about equal 
to that of the water extract of an equivalent amount of bacterised 
peat. It is of interest to note that the crude nucleic acid deriv- 
atives, and the Azotohactrr and /f radicirola growths, all give the 
Folin-Macullum reactions, which are stated to indicate the presence 
of vitamines. W. G. 

The Oxidation of Vanillin to Vanillic Acid by 
certain Soil Bacteria. William J. Roebixs and E. C. 
Lathrop ( Soil Sci., 1919, 7, 475- -485'). — In solution cultures 
containing mineral nutrients and vanillin, the latter being 
the only source of carbon, and inoculated with a bacterium 
present in certain Alabama soils, the vanillin was first oxidised 
to vanillic acid, which could he isolated, but was subsequently 
destroyed if left ill the solution. Estes’s reagent, acid 
mercuric nitrate, gives satisfactory' results in the estimation 
of vanillin in the presence of vanillic acid (compare A., 1917, 
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ii, 343), but the phenol reagent of Folin and Denis (compare A 
1912, ii, 1011) is unsatisfactory under such conditions, a3 vanil]jj 
acid, like vanillin, gives a blue colour with this reagent, the colour 
produced by the acid being much deeper than that produced by an 
equivalent amount of the aldehyde. The authors find that vanillin 
acid has m. p. 210'5 — 2ll° (corr.). W. G. 

Chemical Enzyme Studies. The Growth of Yeast in 
Alkaline Solutions. Hans von Euler and Oi.of Svandsho 
( Arkiv Kem. Min. Geol., 1918, 7, No. 11, 1 — 13). — The maximum 
alkalinity of the medium in which a Frohberg bottom yeast grew 
was between P n = 7-7 and i J H = 8. A distillery top yeast (SB Ij\ 
showed decided growth at P H — 13. The maximum, however 
tolerated by growing yeast depends to a great extent on the quantity 
of cells seeded. The maximum alkalinity for Saccharomyai 
ellipsoideus and Psevdoswchuromyces apimlatus was P R - 7-9 and 
/ j h = 7'6 respectively. The highest limit of alkalinity tolerated by 
Aspergillus niger was found to be Ac=9- S- S. Z. 

The Presence of Non-volatile Substances Possessing 
Aldehydic Properties in Yeast Macerations. J. Cochin and 
R. Sazerac (Pit II. Soc. chim. Biol., 1914, 1, 75 — 77). — The authors 
have observed that, the maceration fluids from pressed yeast give 
a reddish-violet colour with gchilf ’s reagent. The substances which 
give this reaction are not volatile, so that they cannot be identified 
with the lower aldehydes. Their exact nature has not yet been 
determined. J. C. D. 

Presence and Estimation of Tryptophan in Protein 
Material of Yeast. Pierre Thomas (Bull. Soc. chim. Biol,, 
1914, 1, 67 — 74).— The content of tryptophan in caseinogen is 
approximately I T to 1'8%. The protein substance from yeast, 
cerevisin, contains about 2’3°i, and is the substance containing the 
highest percentage of tryptophan which is known. It also contains 
a high percentage of lysine, a fact which places this protein in a 
class by itself. J. C. D. 

Invertase and Fermentation Enzymes in a Top Yeast, 

Hans von Eller and E. IfoBERG (.1 rkitt Kem. Min. 6W., 1918, 7, 
No. 12, 1—17). — The production and the activity of the invertase 
of a top yeast were only influenced to a small extent by a proto- 
plasms poison, such as chloroform. In the top yeast investigated, 
it was not possible to augment the invertase by Euler’s method to 
the extent previously done in bottom yeasts. It was further foun 
from comparative experiments with fresh yeast that, after drying 1 - 
practically the entire invertase content was retained by the dnei. 
preparation. The amount of alcohol and carbon dioxide pro nee 
from a certain quantity of sugar in alkaline solution by due ant 
fresh yeast was approximately the same, and was not influence L 
the addition of co-enzyme. The co-enzyme, previously heat "> 
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sodium hydroxide became, however, more active. The authors 
conclude that besides the co-enzyme and phosphate, fermentation 
,n alkaline solution requires another activator, most probably of 
the nature of an alkali salt. S S Z 

The Behaviour of certain Dyes towards Yeast-cells 

Hans von Euler and N. Florell (Arkiv Kern. Min Geol iqiq 7' 
No. 18, 1~27).— -Dyes are adsorbed by yeast in two wayk Some 
dyes penetrate the cell and are retained therein; others are 
adsorbed on the surface of the cell. In the former case the cell 
shows the stain under the microscope; in the latter the stain can 
only he detected in reflected light. The surface adsorption is the 
more common phenomenon of the two, and is greatly controlled by 
the previous preparation, _ especially washing, of the yeast. The 
adsorption in both cases is influenced by such factors as the con- 
centration of the dye, temperature, hydrogen ion concentration, and 
the presence of a fermentahle sugar in the solution. The stainiim 
of yeast with chrysodine (diaminoazobenzene hydrochloride), janus°- 
blue (safranineazo-/3-napht.hol hydrochloride), ponceau 3R (sodium 
salt of cumidineazonaphtholdisulphonic acid), and methvlene-blue 
impairs its fermenting capacity. S. S. Z. 


The Culture of Aspergillus niger (Sterigmatocystis 
nigra, V. Tgh.) in Mediums in which Zinc is Replaced 
by Other Elements (Copper, Uranium, Vanadium). M. 

-Iavillier (Bull. Soc. chirn. Biol. } 1914, 1, 55 — 66). — Aspergillus 
niger requires, in addition to the elements carbon, hydrogen, 
oxygen, nitrogen, sulphur, phosphorus, potassium, silicon, mag- 
nesium, iron, and manganese provided in suitable form, a trace of 
zinc. The author believes that the zinc plays the role of a physio- 
logical catalyst, and that it is not replaceable, in the strict sense of 
the word, by any of the elements examined. J. C. D. 


The Aerial Fertilisation oi Plants with Carbon Dioxide. 

M. B. Cummings and C. H. Jones (Bull., 1919, 211, 56 pp.). — 
A number of plants were grown in boxes and frames in the green- 
house, the boxes having glass covers, and a current of carbon 
dioxide was kept constantly flowing into the enclosure. With 
legumes, the carbon dioxide caused an increased production of pods 
and beans and slightly changed the chemical composition of the 
plant by increasing the carbohydrate storage. With peas, the 
increase of seed yield was especially marked. Radishes responded 
only slightly, hut were marketable soon, and contained a larger 
carbohydrate and smaller protein content. Potatoes produced more 
foliage and larger and better tubers when grown in an atmosphere 
of carbon dioxide. The stimulating effect was very marked with 
strawberries, and the growth of flowers was also better. In most 
cases where the plants were grown with carbon dioxide, a higher 
carbohydrate content was found and a lower protein content. 
Lettuce was most benefited when given 300 litres of carbon dioxide 
per day in boxes 130 x 70 x 30 cm. Chemical Abstracts. 
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The Distribution ol Glycerophosphatase in Seeds. Astoh 
Nbmec ( Biochem . Zeitsch., 1919, 93 , 94 — 101). — Oil-bearing seeds 
show a higher content of glycerophosphatase than do leguminous 
seeds. The latter, however, are richer in this enzyme than the 
cereals. S. S. Z. 

The Change in the Character o! the Nitrogen in 
Germinating Lupines. The Relation of the Nitrogen 
Titratable with Formol and the “Formalin Nitrogen" 
to the Total Nitrogen. H. Skrtz ( Biochem . Zeitsch., 1919, 
93 , 253 — 255). — On the addition of neutral aqueous formaldehyde 
to plant albumins, albuminates, and hemialbumoses, the proteins 
become almost insoluble. This is referred to as " formalin 
nitrogen." The author has determined the relation of the nitrogen 
in the amino-groups which combines with formol and the “ formalin 
nitrogen” to the total nitrogen in germinated lupines at various 
periods of the germination. The. following are the results. Before 
germination: formol nitrogen = 12-7%, “formalin nitrogen"- 
86'3%. After three days’ germination: formol nitrogen = 18 '3%, 
“formalin nitrogen ” = 82'3%. After five days: formol nitrogen 
24 '9%, “formalin nitrogen” 70'5%. After seven days: formol 
nitrogen 31'05%. "formalin nitrogen” 65-5%. After ten days: 
formol nitrogen 39-4%, "formalin nitrogen” 57'6%. This demon- 
strates the formation of soluble amino-acids at the expense of the 
insoluble proteins during the germination of the lupine. S. S. Z. 

Germination and Formation o! Chlorophyll in a 
Confined Atmosphere deprived of Carbon Dioxide. N. A. 

Barrier! (Bull. Soc. chim., 1919, [iv], 25. 658 — 661). — A com- 
parative study of the germination of wheat in an atmosphere 
deprived of carbon dioxide, in pure oxygen, and in free air, in sum 
light and in the dark. All germination or commencement of 
germination is marked by an elimination of carbon dioxide, with 
the formation of chlorophyll in sunlight and of chromophyll in 
the dark. In an atmosphere of pure hydrogen or nitrogen there 
is only a slight commencement of germination. In an atmosphere 
of pure carbon dioxide, germination does not take place. IV. G. 

The Electrometric Titration of Plant Juices. A. R. C. 

Haas (Soil Sd., 1919. 7, 487— 491).— ’ The method used was that 
of the gas-chain, essentially of the form described by Hildebrand 
(IT nil’. Cal. Puh. Physiol., 1919, 5. 44—69), a simplified and in- 
expensive type of apparatus being described. Measurements were 
made on soja bean tops and rhubarb stalk, and from t e curves, 
knowing the P„ values at which various indicators change colour, 
it is possible to tell the amount of standard alkali required to bring 
the plant juice to the turning point for anv indicator The curves 
riven show the presence of greater quantities of buffer suhsten , 
in the juice of the rhubarb than in the juice of soja bean tops, v 
actual acidity of the rhubarb juice being much greater than t 
of the juice of soja bean tops. ¥ 
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Hydrogen-ion Concentration o! Plant Juices. I The 
Accurate Determination of the Hydrogen-ion Concentration 
of Plant Juices by means of the Hydrogen Electrode 

Clinton B. Cleven gw ( Soil Sci., 1919, 8 217-22^Tn the 
method described, a Clark electrode vessel (compare A 1916 ii 751 
modified and adapted for work with plant juices, a simple shaking 
apparatus, and calomel electrodes immersed in a constant tempera- 
ture water-bath are used. The apparatus is so arranged that the 
plant juices are saturated with hydrogen outside the electrode 
vessel, and only come in contact with the electrodes just- prior to 
the readings being taken. Contact between the plant juice and 
the saturated potassium chloride solution is made by means of a 
scratch around the cock connecting the two, thus reducing the con 
tact potential, which develops quite rapidly when the connexion 
is made by opening the cock wide. Duplicate measurements usually 
agree within 01 millivolt, and constant potentials are maintained 
for several minutes. The plant juice is prepared by macerating the 
tissue, wrapping it m a muslin cloth, and expressing the juice by 
means of a press. This gives a juice free from coarse colloidal or 
other material. ^7 q 


Hydrogen-ion Concentration of Plant Jnices. II. Factors 
Affecting the Acidity or Hydrogen-ion Concentration of 
Plant Juices. Clinton B. Clevenger ( Soil Sci., 1919, 8, 
227—242. Compare preceding abstract).— In making determin- 
ations of hydrogen-ion concentration of plant juices, certain points 
must he noted. Expressed plant juice usually becomes more acid on 
keeping, whilst plants when cut and left some time before the juice 
is expressed usually become more alkaline. Further, it is shown 
that the acidity of tile leaves and stems is highest in the morning 
and decreases during the day. whereas the acidity of the roots is 
highest during the day. The decreased acidity of the leaves and 
stems in the day is attributed to the destruction of the accumulated 
acids by influences such as increased light and higher temperatures. 

Oals, buckwheat, soja beans, and cowpeas were grown on acid 
soils and on the same soils after liming, and it was found that, with 
the exception of buckwheat-, the tops of the plants grown on the 
limed soil were usually more acid than the tops of those grown on 
the unlimed soil. The acidity of the roots of the plants appeared 
to he. comparable with that of the soil. 

Similarly, the type of fertiliser used appears to have some 
influence on the acidity of plants. Thus, the acidity of the tops of 
oats grown on unlimed soil was less than that of those grown on 
limed soil when sodium nitrate or ammonium nitrate was used a 3 
a source of nitrogen. W. G. 


A Method for the Macrochemical Examination of 
Substances contained in Cells. Fritz Xf.tot.itzky (Biochem. 
Zeitsch., 1919, 93. 22G — 230). — When the finely ground powder 
nf Cortex quittajae is shaken with chloroform, a sediment, con- 
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sisting mostly of crystals, is deposited at the bottom. These 
are crystals of calcium oxalate, aud contain impurities such as 
sand grains and cell debris. The impurities can be removed by 
fractional sedimentation by shaking up the deposit with chloroform, 
carbon tetrachloride, or bromoform. The specific gravity of the 
latter can be altered by the addition of alcohol or ether. By this 
fractional method of differential sedimentation, a powder consist- 
incr almost of pure crystals was obtained. Such purified powder 
showed a content of 103-7% of CaO (calculated from the formula 
CaC 2 0 4 + H,0). By titrating the oxalic acid with permanganate, 
94*8% of the theoretical amount was obtained. . It is suggested that 
11 sand " impurities were responsible for the high calcium and low 
oxalic acid content.. Prom the above figures, the author also con- 
cludes that tho crystals from Cortex qnillajae have the formula 
CaChO. + HoO. The calcium oxalate thus obtained was further 
decomposed with sulphuric acid. The liberated oxalic acid, which 
was recrystallised several times, was titrated with permanganate, 
and 99-23% of the theoretical value was recorded. _ The crystals 
obtained both from sesame seeds and Sapor aria officinalis bv sedi- 
mentation from carbon tetrachloride were too contaminated with 
organic matter to yield good results, but the low calcium content of 
the sediment is most probably also due to the higher water of 
crystallisation of the crystals.' Bv this method, it isalso possible 
to" separate other substances, like aleurone grains, calcified 
membranes, etc., from powdered plants. S. S. Z. 

Fixation of Calcium by Calciferous Plants. (Mi.i.k) T. 
■Robert (Bull Snr. ehim. B ini., 1914, 1. 85- -92) Calciferous 
plants (les plantes ealcifugesl are plants which possess a marked 
ability to ahsorb calcium. They are able to live m soil deficient 
in calcium bv virtue of this increased power of assimilation 
Another class (les vegetaux calcicoles) are, on the contrary, possessed 
of a very low power' of absorbing calcium . These require soils rich 
in calcium, and are able to live in the presence of an amount of 
calcium which would he toxic to plants of the former group. 


The Distribution and Migration of Copper in the 
Tissues of Green Plants. T„ Maqufcne and E. Democsm 
(Com of- rend.. 1920, 170, S7-93). -Copper ha; been shown tot 
present in a large number of plants and trees and in all parts 
the plants. It accumulates most in the parts of the plan s w ere 
there is most water and great vital activity. The parts whe 
gradually dry up and become old gradually lose their «>PP c b > . 
ing it to the growing parts. The copper is thus present J a 
diffusible ami migratory form, its migration, except in a >o 
amount is concerned, being comparable with that of 
nutrients, such as potassium. The puce of all 
contains copper, sometimes in comparatively larg ^ g 

times only in very small amount. 
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Mode of Occurrence of Hydrogen Cyanide in Plante. 

X,. Rosenthaler (Schweiz. Apot-h. Znt., 1919 , 57 577 570 

Compare this vol., i, 130).— The author destroys disturbing enzymes 
by 2% silver nitrate, or, preferably, 5% mercuric chloride solution 
which also fixes hydrogen cyanide if present as such. Mercuric 
cyanide is formed, and is dissolved by potassium iodide in slight 
excess; hydrogen cyanide is then liberated by carbon dioxide. ° 
The mercuric, chloride method differentiates only between 
hydrogen cyanide in glucosidal (for example, ainygdalin) and non- 
glucosidal (loose) combination (for example, Ph-CO.,H,HCN), but 
not between the latter and free hydrogen cyanide. The silver 
nitrate method might do so, since silver nitrate does not at once 
decompose the compound, Ph-CO.H.HChT. Even boiling 5% 
mercuric chloride solution does not liberate hydrogen cyanide from 
amygdalin. 

Hydrogen cyanide is stated to occur only combined as glucoside 
in bitter almonds, cherry, laurel leaves, linseed sprouts, peach leaves, 
Sorghum vulgar* leaves, and the seeds of Phareohis hinatue. The 
occurrence of hydrogen cyanide in non-glucosidal form in the buds 
of cherry laurel and the young leaves of Samhvcv-s viper was proved 
by the mercuric chloride method. The leaves of Panqium Me 
and of Alocmm macrorhiza probably aho contain hydrogen cyanide 
in similar loose combination. The occurrence of free hydrogen 
cyanide in plants has not been observed. Chemical Abstracts. 

Distribution and Migration of Mineral Salts in an 
Annual Plant. G. Aximfi IBM. Soc. chim., 1919, [iv], 25, 
610 — 613). --A stndv of the distribution of the ash and its com- 
ponents in the different parts of the tall sunflower (ffelianthvs 
annum) at the stage of maturity. The root" and stem contain a 
very small proportion of the total ash. and what is present is poor 
in phosphates and sulphates and rich in potassium. The leaves 
contain practically one half of the total a'h content of the plant,. 
This portion of the ash is very rich in lime, and comparatively so 
in magnesia, but very poor in potassium. The eapitule contains a 
low percentage of ash which is rich in phosphates and potash. The 
seeds contain about, one-tenth of the total ash ov the plant, and 
this portion of the ash is extremely rich in phosphates. Of the 
nitrogen content of the plant, about one-half is to be found in the 
seeds, one.-quart.er in the leaves and one-eighth in the eapitule. It 
is only in the seeds that the ash contains a higher percentage of 
magnesia than of lime. W. G. 

Constituents of the Leaves of Helinus ovatus. John 

Augustus Goodson (T.. 1920. 117. 140—144). 

The Inversion of Sucrose during the Preservation of 
Oranges. G. Andre ( Compt . rend., 1920, 170, 126 — 128). — 
The amount of sucrose undergoing inversion during four months 
in the half of an orange kept- in presence of an antiseptic appar- 
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ently bears no relationship to the acidity of the orange expressed 
in terms of citric acid. Further, the actual inversion is much l ess 
than that occurring in an aqueous solution of sucrose, dextrose, and 
citric acid, and at about the same concentrations as in orange juice 
kept for seventy-eight days at the ordinary temperature. Accept- 
ing Marlinand’s views as to the absence of sucrose in orange juj^ 
(compare A., 1907, ii, G44), the explanation offered is that the 
mixture of sucrose and citric acid is not homogeneous in the orange 
the two substances being localised in different cells. tV. 0 " 

The Inversion of Sucrose in Orange Juice. (}. Andk£ 
(i Compt . rend., 1920, 170, 292 — 995. Compare preceding abstract) 
— The hydrolysing action of the citric acid present in orange juice 
on the sucrose also present is very marked at the ordinary tempera- 
ture. The action of the invertase present is also marked, but less 
intense than that of the citric acid. W. G. 

Properties ol Plants of the Order Polygonacese. A. J, 

Steenhauer ( Pharm . Tl'ecMW, 1919, 56, 1084 — 1101).— The 
botanical structure of the leaves of many plants of the order 
Polygonaceae is described. As regards their chemical components, 
no extensive research has so far been carried out, but various salts, 
ethereal oils, etc., have been identified in certain plants. The 
extraction of these from the leaves is described. Anthraquinone 
derivatives were found in Polvponiitm cnnvnhmlm , L., P. dume- 
forum, L., P. Rnrkalinente. Schm., P. Sicbnhln, Fort., and possibly 
P. nlinode, Michx. For the estimation of hydroxyanthraquinone 
derivatives, a colorimetric method is most suitable. W. J, W. 

The Plavones of Rhus. Chas. E. Sambo and H. H. Bartlett 
( Amer . J. Botany. 1918. 5, 112 — 119). — By the isolation of flavone 
pigments from Rhus typhina, R. alahra, and R. eopaKna, the 
authors have been able to verify the conclusions of Perkin that 
the same flavone is not likely to be found in both the wood and 
leaves of the same species. Fisetin is distinctly a wood flavone, 
and appears to he an end-product of metabolism. It is now known 
to be present in R. rotinns. R. rhodanthr.ma, R. typhina, and R. 
glabra. The first two species do not belong to Rhus in the 
restricted sense, but to the genera Cottons and Rhodosphatrn 
respectively. The authors' studies are therefore the first to demon- 
strate the presence of fisetin in wood of species belonging to Rhtn 
proper f the* true sumacs). The distinctive leaf flavone. probably a 
plastic substance, of Rhus proper is mvricetin. Tt has been obtained 
from R . Corisiria, and the authors have been able to detect it in 
R. qlahra and R. rapallina. The authors have not been able to 
trace its relationship to the fisetin of the stem or to the antho- 
cyanins of the leaves and berries. Methods of extracting fisetin 
and myricetin are fully described. Colour reactions and physic* 
properties of both flavones are given, together with analytical a * 
for the aeetvl derivatives and the purified flavone3. 

Chemical Abstracts. 
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Colour Changes of Sugar-cane Juice and the Nature of 

n^ 6 7rnL? m Vh ' T ifT* ^ hul En V- Chem 1919, 11, 
1034-1 036) .-The polyphenol present in sugar-cane juice, which 

gl ves a green coloration with ferric salts, and, together with 
oxydases and iron salts, ,s responsible for colour changes in the 
juice, is not catechol but a true tannin derived therefrom When 
heated alone, it produces catechol, but no pyrogallol; dilute acids 
give rise to a phlobaphen and protocatechuic acid, whilst fusion 
with potassium hydroxide yields protocatechuic and acetic adds 
but neither gallic acid nor phloroglucinol. J H L * 

Identification of Citric Acid in the Tomato. R. e 

Kremers and J. A. Hall (.7. Biol. Chem., 1920, 41 15—17) — 
The presence of citric acid in tomato juice has been confirmed' by 
the isolation of its triphenacyl ester. J, C D J 


The Efiect of Hydrogen Cyanide on Plants. C Wehmer 

(■ Biochem . Zeitech., 1918, 92, 364— 376).- Green cress is killed 
within ten days by 0 24 mg. of hydrogen cyanide per 1 litre of air 
In order to achieve the same effect with seeds placed in water. 
71 "3 mg. of the acid per litre of air are required, although 2-375 my 
of the poison per litre of air greatly impair their germinatwu 
and development. Green leave, submerged in water are also killed 
by very dilute solutions of hydrocyanic acid, S. S, Z. 


The Influence of Arsenious Acid on Growing Tissues. 

Rudolf Cobet ( Biochem . Zeiltch., 1919. 98, 294— 314).— Tho 
influenco of arsenious acid on various plants and lower animals 
was studied. In the plants, no improvement in the growth was 
observed by the application of arsenious acid. Concentrations of 
1/200,000 were found to be very toxic. Frogs’ spawn and tadpoles 
were not so susceptible to the toxic effect of arsenious acid, but 
neither improvement nor retardation in growth of these organisms 
could be traced to tho influence of the arsenic compound. 

S. S. Z. 


Enzymes, I. Amylase of Germinated Barley . T). Makstrini 

(.Iffi F. AccnF. Lined, 1919, [v], 28, ii, 393 -394). — A highly 
active amylase solution may be obtained by extracting germinated 
barley with water containing 0 003 mol. % of acetic acid for at 
least six hours. [See, further, ■/. Hoe. Chem. hul.. 1920, March.] 

T. H. P. 


Enzymes, II. Protease and Lipase of Germinated Barley. 

D. Maestrini (At/i R. Accad. Lined. 1919, [v], 28, ii, 456 — 458). 

The protease and lipase of germinated barley are not extractable 
by water, being found, not in the filtrate, but only in the residual 
emulsion. If distilled water is used for the extraction, the emulsion 
shows no proteolytic, and but slight lipolytic, activity ; if, however, 
the water contains 0 003 mol. % of acetic add, the emulsion exhibits 
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both, activities to .a marked extent. [See, further, J. Soc. Chem. 
Ind., 1920, March.] T. H. P. 

Fat-soluble Vitamine. III. The Comparative Nutritive 
Value of White and Yellow Maize. H. Steknbock and P. W. 
Boutwell [with the co-operation of E. G. Gross and Mariana T, 
Seel (J. Biol. Chem., 1920, 41, 81— 96). — 1 The occurrence of yellow 
pigment and the growth-promoting property attributed to the 
presence of the fat-soluble vitamine seem to be intimately associated 
in the maize kernel. ^ ■ C. D. 


Activity of Soil Acids. R. E. Stephenson (Soil Sci., 1919,8, 
41— 59).— Using a modification of Taeke's method, previously 
described (ibid., 1918, 6, 33), an endeavour has been made to arrive 
at the degree of activity of the soil acids, the lime requirements 
being determined by allowing different times of contact for the soil 
and calcium carbonate. It is shown that the more reactive acids, 
which are capable of giving a toxic hydrogen-ion concentration, 
react rather quickly, but that some soils contain a large reserve of 
activity, which may be described as potential rather than active, 
but which is, however, capable of slowly decomposing carbonates, 
Rather highly buffered solutions react rapidly with calcium 
carbonate, even in the presence of soil, thus indicating that even 
the more active fractions of the soil acids may be considerably 
buffered. So far as tested, protein materials and amino-acids, 
previous to decomposition in the soil, do not react readily with 
carbonates. The author considers that the total potential acidity 
of a soil, as commonly determined, does not give sufficient inform- 
ation. It is necessary also to know something of the activity of the 
acids. It is not the capacity of a soil to decompose calcium 
carbonate, but rather the intensity of decomposition which is most 


highly significant. , , , , 

In a discussion on the origin of soil acidity, the development of 
an acid condition in soils is considered from three points of view, 
namely, mineral acids, organic acids, and colloids. The weathering 
of rocks tends to give acid alumino silicates and silicic acids, result- 
ing in a comparatively largo reserve of slowly reactive acids. Toxic 
acid reactions are. however, more probably due to the presence, of 
more soluble and highly ionised acids, such as sulphuric, hydro- 
chloric, or nitric acids, generally introduced by the application 
fertilisers. It is only occasionally, and in highly organic, badly 
drained soils, that organic acids accumulate to a detrimental exte , 
in fact, in some soils organic matter may quite likely depress 
more active acidity by buffering and by supplying a base inw 
form of ammonia and its derivatives. 


Hysteresis of Aqueous Solutions of Humus E ^ 

Heinrich Buchner (Kalloid Zatsch., 1919, 25 196 -H 
examination of peat shows that a clear, dark yellow - 

be obtained bv digesting it with cold water. During the so 
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*. faint ‘ y aci , d - aromatic odour i a noticeable. The solu- 

tion obtained has an acid reaction, and, on keeping for several 
days, deposits a. slimy, brown substance, and the dear sXtkm 
then becomes alkaline. The deposit from the solution obtained 
from 50 grams of peat amounts to 0'490 gram, and on incinerating 
this, a residue of 0-218 grata is obtained. The ignited residue 
contained alumina, ferric oxide, manganese oxide, lime, magnesia 
and alkalis, sulphate, silicate, and phosphate. The solution and 
the deposit were examined microscopically immediately after pre- 
paration and after measured intervals, and it is shown that after 
keeping for some time, changes occurred in them, notably the 
formation ot crystals. The clear solution after sedimentation is 
shown to contain gels of alumina, ferric hydroxide, and silicic acid 
Jlicrophotographs of the various preparations are reproduced in 
the paper. J F S 


The Carbonation ol Burnt Lime in Soils Walter 

Hoge MacIntire (Soil Sci. , 1919, 7, 325— 453).— A detailed study 
of the rate and manner of carbonation of calcium oxide and 
hydroxide, as such, or when mixed with soil under various 
conditions. 

Dry calcium oxide or hydroxide does not react with dry carbon 
dioxide, but a very small amount of water suffices to start the 
action. The ignition of calcium hydroxide gives an oxide which, in 
small quantities, carbonates more rapidly when exposed to moist 
air than does the original hydroxide. The formation of carbonate 
from the hydroxide is controlled by the amount of free water avail- 
able to convert the calcium hydroxide from solid to solution phase. 
The conversion of calcium oxide to the carbonate must be preceded 
by the formation of the hydroxide and its solution, but when moist 
carbon dioxide is present the two actions are so rapid as to be 
considered as simultaneous. The carbonation of calcium hydroxide 
in atmospheric exposure tends to be checked after a time by the 
formation of a protecting film-coating of carbonate round included 
nuclei of the hydroxide. 

The general conclusions to be drawn from the extensive pot and 
field trials are as follows : Calcium oxide or hydroxide when applied 
at the rate of 2 — 4 tons per acre will revert to the carbonate more 
rapidly when left on the soil surface than when mixed with a dry 
mulch or the moist soil, the reversion being most rapid during 
humid atmospheric conditions. If a dressing of the oxide or 
hydroxide is left on the surface for several days prior to incorpora- 
tion with the soil, the treatment is in effect equivalent to an 
application of finely divided calcium carbonate. If the oxide or 
hydroxide i9 incorporated with the top layer of soil, prior to a more 
thorough dissemination throughout the soil, the concentration may 
be sufficient to effect a temporary, partial sterilisation in this layer, 
which may have beneficial results. The first action of the calcium 
oxide applied to the soil is with the atmospheric and soil moisture, 
and there is no indication, when this is completed, of any tendency 
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to cause chemical disintegration of soil organic matter. Neither 
calcium oxide nor hydroxide, when applied in the amounts com- 
monly used in practice, can be considered as chemically destructive 
of soil organic matter. [See, further, J. Soc. Ghem. Ind., 1920 
124a.] W. (}, ’ 

Calcium Cyanamide and Dicyanodiamide as Vegetation 
Factors. Eduard Linteh (hunt g. Diss., 1917; from Bied.Zentr 1919 
48, 414 — 417). — In contact with sand or clay in presence of carbon 
dioxide, dicyanodiamide solution undergoes no change, but humous 
soils are able to absorb the dicyanodiamide with avidity, the 
poisonous effect on vegetation gradually disappearing. [See also 
J. Sue. Chevi. Ind., 1920, 166a.] T. H. P 

Prevention of Volatilisation of Ammonia by means of 
Calcium Chloride. A. Stutzbk (Fuhling's Landw. Zcit., 1919 
68 , 59 — 63). — Five grams of a sulphate or chloride of an alkali or 
alkaline earth metal were boiled for fifteen minutes with 250 c.c. 
of ammonium carbonate solution containing 0'25 gram of nitrogen ■ 
the percentage of ammonia which was volatilised wa3 77 W ith 
potassium, sodium, or calcium sulphate, 80 with magnesium 
sulphate, 87 with potassium chloride, 88 with sodium chloride, 83 
with magnesium chloride, and 17 with calcium chloride. Five % of 
the ammonia volatilised from a solution of ammonium chloride 
which was exposed with calcium carbonate to the air for twelve 
days. The addition of 2 parts, 4 parts, and 6 parts of calcium 
chloride to 1 part of a volatile ammonium salt prevents 25, 50, 
and 75%, respectively, of the ammonia from volatilising; to pre- 
serve 90% or more of the ammonia, 8 parts of calcium chloride must 
be added for 1 part of nitrogen. Good results are secured when 
6 parts of calcium chloride, which is a better conserving medium 
than gypsum, are added to urine for every 1 part of nitrogen. 

Chemical Abstracts. 


Guano from Sardinia. M. Gila ( Gaszdta , 1919, 49, ii, 
2-16 — 249). — The author has analysed a number of samples of bat 
guano from the Borutta grotto at idassari, Sardinia. Streaks or 
veins of a white, friable material, greasy to the touch, occur in the 
guauo, particularly in that of recent origin; this consists of tn- 
calcium phosphate, together with calcium carbonate, silica, oxides 
of iron, aluminium and magnesium, and small proportions ot 
nitrates, and resembles ordinary phosphorite, being formed by the 
action on the calcium carbonate of the surrounding rock either of 
the phosphoric acid present in freshly formed guano or of 
ammonium phosphate. The occurrence of this material in the 
guano is regarded as confirmation of the view that many phosphatic 
deposits owe their origin to deposits of guano. T. H. P- 
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The Optics of Disperse Systems. III. I. Lifschitz and 
Geokg Beck (Kolloid Zeitsch., 1920, 26, 10— IS. Compare A., 
1918 ii, 181, 253). — The authors have measured the refractive 
index of solutions of triethylamine, gelatin, and phenol in 
water and of silicic acid, stannic acid, arsenic sulphide, anti- 
n „ sulphide, and vanadium pentoxide sols in water by the 
method previously described (he. cit.). The measurements were 
made at a series of temperatures with the object of ascertaining the 
effect of change ill the dispersity on the refractive index. It is 
liown that the degree of dispersion is practically without effect on 
the refractive index. In the cases of phenol and triethylamine, 
where on lowering the temperature beyond the critical Bolution 
temperature a separation of the two liquids occurs, there is only a 
very small change of refractive index shown. In the case of gelatin 
the value of the specific refraction varies very much with the tern- 
nerature whether calculated by the Gladstone and Dale formula 
or bv the Lorenz and Lorentz formula. In all other cases the 
value is approximately constant when either formula is used, but 
the values given by the Gladstone and Dale formula are more 
nearly constant than the others. J. F. b. 

The Spectrochemical Behaviour of Halogen Ethers, 
RO-fCHJn-X, Halogen Hydrins, HO [CH ? ]„'X, and Acid 
Rrnmides RCOBr. A. Kakvosen (Acad. Sci. fenmeae, 1914, 

Tl _i' 3 9i from Che*. Zcnt,. 1919, in, 807-*08).--In con- 
tinuation of previous work (A., 1913, i, 2) a series of halogen 
ethers and halogen hydrius has been refractometncally investi- 
gated New values for the atomic refraction of chlorine, bromine, 
iodine and oxygen have been deduced from observations on normal 
priml alkyl monohaloids and the mono-ethers of normal primary 
alcohols. The data obtained for chlorine and while agree excel 
lcntly with Eisenlohr s figures; on the other hand, the ae * v . , 
for bromine and ethereal oxygen differ considerably from the older 
results. The following figures are quoted : 

IL-H,. H, -H,. 
0-199 0-318 

0017 0-033 



H«. 

D. 

H?. 

h;. 

Br CH, 

8-688 

8-748 

8-888 

9-010 

,01,-1 

°W) 

1-721 

1*728 

1-738 

1*755 


VOL. CXVHL ii. 
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The acid bromides, like the corresponding chlorides, exhibit optical 
exaltation, the order being R - COCl<R-COBr-<R'COI. The atomic 
refraction of bromine in acid bromides is H„ 9‘514, D 9'59o, 
H„ 9 805, II, 9-987, H„- H, 0-292, H, - H„ 0 467. Among the com’ 
pounds X-CIL(OR) and R-CO-X the optical exaltations increase 
in the direction of the arrows : 

Cl-CH,(OR) -> Br-CH 2 (OR) I-OH a (OR) 

/ I 

/ 

\> / 4 

R-COCl — >• R-COBr — * R-COI 

When substituents, such as the halogens aloue or -with oxygen or 
alkyl groups, accumulate around a carbon, nitrogen, or phosphorus 
atom, the optical exaltations fairly generally increase and the 
depression diminishes. The reverse behaviour is particularly notice- 
able when the atom adjacent to the central atom is attached to a 
number of substituents or is multiply linked. The accumulation of 
ethereal groups appears generally to have a depressing influence. 

H. W. 

Influence o! Position and Accumulation of Substituents 
on Spectrochemical Behaviour. II. The Spectrochemistry 
of Halogen and Oxygen Compounds. A. Kauvoxex ( Ami . 

Sci. Feniiicnc, 1916, .1, 10, No. 4, 1—22; from Chem. Zentr., 1919, 
iii, 808. Compare preceding abstract). — The exaltation caused by 
the accumulation of chlorine and oxygen atoms has been confirmed 
by observations on a series of chlorinated aliphatic esters. In 
general, the optical exaltation diminishes when the halogen atoms 
in the chain are further removed from one another or from the 
oxygen atom. The esters of aliphatic acids containing a chlorine 
atom attached to the terminal carbon atom appear to exhibit a 
slight optical depression. In the annexed combinations, the optical 
exaltations increase in the direction of the arrows: 

i-[cir 2 ]„-co,R 
4 

I'OHj-OR 

4 

BO-COT 

4 

K-CO'I 

4 

I-COT 
H. IV. 


C1-[CH 2 ]„-C0 2 R — >■ Br-[CHj]„-COjR 

4 4 


Cl , CH 2 'OR 

■> Br-CHj-OR 

4 

4 

RO-COCl 

■> RO-CO-Br 

4 

4 

R-CO-Cl 

-> R-CO-Br 

4 

4 

C1-CO-C1 

-> Br'CO'Br 
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Influence of Position and Accumulation 
on Spectrochemical Behaviour, HI *“*“*1 

Behaviour of the Esters of Normal Acids of n tr ^S m ^ cal 

A. Karvonen (Acad. Sri. Fen, mat, 1916, ^ 
from Chem. Zentr., 1919. iii, gli Corona™ rJ a : 

Optical investigation of the methyl and ethyl oUhToxali^ 
senes shows that the exaltation diminishes uniformly as far “the 
succinic esters with increasing separation of the carboxyalkyl groups 
Ihe oxalic esters show slight exaltation, malonic esters behave 
normally, and the succeeding esters exhibit a slight depression with 
a tendency to increase in refraction towards the higher members 

X SeW aCidS beWe ^ ^ .ter. 

-tt. \\ . 

Influence of Position and Accumulation of Substituents 
on Spectrochemical Behaviour. IV SpectrocWitoni 
Behaviour of Ether-Esters RO tCH^pCoI^A 0 ^ 

(Acad. Set. t entneae, 1916, A, 10, No. 6 1—14- from 

G'/iem. Zentr., 1919, in, 811. Compare preceding ’abstracts).— The 
following substances have been investigated: ethyl and methyl 
carbonates, methyl methoxyacetate, ethyl ethoxyacetato propyl 
propoxyacetate, methyl 0-methoxypropionate, ethyl 0-ethoxy- 
propionate propyl 0-propoxypropionate, methyl a-methoxypropion- 
ate, and ethyl o-ethoxypropionate. In the case of the lower fatty 
esters, the optical values diminish when a hvdroven atom of the 
acid radicle is replaced by an alkyloxy-group. The optical depres- 
sions dimmish as the ethereal oxygen atom and the carlbonyl group 
become more distantly separated m the alkyloxy-aliphatie esters. 

H. W. 

Secondary Spectrum of Hydrogen. T. R. Merton (Proc. 
Rot/, i Sue., 1920, [.4|, 96, 382 — 388).- The spectrum of hydrogen at 
1 mm. pressure, and of hydrogen in helium at 40 mm. pressure have 
been photographed, using a concave grating 120 cm. radius of curva- 
ture and ruled 8000 lines per cm. It is shown that the lines of 
the secondary hydrogen spectrum in the red and yellow regions are 
greatly enhanced in the presence of helium, and that other new 
lines appear. In the more refrangible parts of the spectrum there 
is little difference in the intensity of the lines in the two cases. A 
second class of lines is not affected at all by the presence of 
helium, whilst a .third class diminishes in intensity and in some cases 
disappears entirely. It, is suggested that the change in intensity 
under the experimental conditions may serve as a method of inves- 
tigation of the secondary hydrogen spectrum. Photographs of both 
spectra are given over the range A 4300 — A 6500. A tabulated list 
of the lines which are not affected and of those which are enhanced 
in the presence of helium together with the intensities under the 
two seta of conditions is appended to the paper. The lines 
AA 5831 26 and 5703 86 are enhanced from intensity 2 to 7, 

A 5819 60 from 2 to 8, and A 5812'84 from 6 to 10. J. F. S. 
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Series of Multiple Lines in the Argon Spectrum. Knud. 
Aage Nissen ( Physikal , Ze.itsch., 1920, 21, 25 — 28). — A theoreti- 
cal paper in which the Hues of the argon spectrum are arranged 
into series. J. F. g. 

Spectra of Isotopes. T. R, Merton ( Proc . Roy. Soc., 1920, [41 
.96, 388 — 395). — The spectra of ordinary lead, lead from pitch- 
blende and lead from thorite, ordinary thallium and thallium from 
pitchblende have been examined. An arc was produced between a 
tungsten button and the metal under investigation, in a bell jar 
at a pressure of 1 mm. The respective interference fringes pro- 
duced by means of a Fabry and Perot etalon were photographed 
and measured by a micrometer. Tt is found that the line \ 4058 
in the case of pitchblende lead has a slightly greater wave-length 
than in the case of ordinary lead, whilst for lead from thorite, if 
is somewhat shorter. The measurements in the case of thallium 
are not conclusive because pure thallium was not isolated from 
pitchblende. J. F. S. 

A Relation between the Heads of Banded Spectra 
belonging to Different Elements of the same Group. 

Tokiharu Okaya (i'roc. Rhys. Math. Soc. Japan, 1919, [ 3 ], 1 , 
111 — 121 ). — It is shown that for the three elements gold, copper, 
and silver the wave-lengths of the heads of bands emitted by their 
molecules satisfy fairly well the linear relation A = a + j 8 n, where u 
and (3 are constants and n is the series of natural numbers. From 
this it is concluded that between the heads of the band spectra 
emitted by the different molecules in similar conditions there exists 
a simple relation when the bands diverge toward tbe red side. 
Thus, the wave-length A of the head of some band of one element 
with reference to the corresponding one A/ of another element is 
given by the relation A— (a + 't) : , p and (j being 

certain integers, m and m 1 the atomic weights ot the element: 
concerned, and A* = (o-f j8n). Chemical Abstracts. 

Spectra of Tin, Lead, Antimony, and Bismuth in a 
Magnetic Field. F. A. van her Hakst (Proc. K. Akad. Wetensch. 
Amsterdam, 1920, 22, 300-312).— Using the light from a con- 
densed spark between poles of tin, lead, antimony, and bismuth 
respectively, the author has examined the effect of a magnetic field 
of about 30,000 gauss on a number of fines of these metals. The 
Zeeman effect is measured for 35 lines of tin, 23 of lead, 2? of 
antimony, and 16 of bismuth. The measurements show deviations 
from those previously published by Purvis (A., 1907, ii, 919), due 
to uncertainty in the strength of tho field used by Purvis. The 
resolutions of the lines are fairly regularly distributed between 
values which are 1 — l o times the normal resolution.^ Incidentally, 
it is shown that the antimony lines aa 4370, 4295, 4287, 4do 1 
4078, 4038, 4024, 4006, 4004, 3979, 3721, 3467, and 3460 measureji 
by Schippers (A., 1912, ii, 8<7), and published 111 Kaysers ' U» 
buch der Spectroscopie," do not exist. The lines are respee mj 
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AX 2913, 2863, 2868, 2727, 2719 2692 9 fiss o C7 i „„„ 

2480, 2311, and 2306. The error ha 3 arisen bv 8 v ’ 267 °’ 2653 ’ 

lines of the third order for lines of the second 

« -Wio aim. 

pounds of cobalt, nickel, and chromium the avlthor dedul that 
the region of colour formation in these salts lies w, u “ s that 
metallic atomic group and the metallic group which form" ^ T"' 
for the complex ions or double salts. J,f no case is cot," d 
by metallic salts without the formation of complex ions rl' T^ 
complex inorganic nit, which show strong absorption in the ultra- 
violet are composed of constituents which ar e P absolutely "rant 
parent in this region. A theory is developed which leads to the 
conclusion that the wave-length of the light absorbed is longer he 
smaller m the atomic volume of the metal forming the centre of 
he complex. The conclusion is supported by experimental evi- 
dence in the case of correspondingly constituted complex salts of 
nnc platinum, copper, tm, silver, cadmium, and mercury 

The application of the theory to chromophores in organic com- 
pounds is discussed. Chemical Abstracts. 

Relation between the Visible Absorption Spectra of 
certain Metals in their M-X, and (m/'x” Derivatives 

Matheu' D Andrade Albuqvfroit. f Ihn.ta ry, w . ma apr Uc., 
1916 1, Reprint 14 pp. .-Tn order to verify the law of the com 
servation of even or odd valencies in derivatives of the same 
element, evidence was sought for the existence of molecules of the, 
type M,X C ' In salts derived from sesquioxides. A number of 
coloured salts with colourless anions were investigated in non-dis- 
sociating solvents, ^or compounds containing complexes, such as 
K,MX„ and K 3 MX c . Two methods were available: (1)’ combina- 
tion of two different salts of the type M.,X C so as to obtain a mixed 
salt MM'X 6 ; if the properties of (he latter were different from those 
of M,X ( . and (M ; ),,X f „ the difference must be attributed to linking 
between M and M'; (2) spectrographic evidence for some union 
between M and M / . The observation of the absorption spectra proved 
that the normal salts derived from sesquioxides always presented 
absorption bands, most of which were in the region where salts of 
tlie type MX., of the same element show no absorption. When an 
element combines with another in different proportions, the colour 
Ot the compounds shifts towards the red end of the spectrum as the 
valency increases; and as the colour of sesquioxide salts is often 
abnormal, this must be attributed to a radicle which can only be 
In the iridichloridea of silver and thallium the author assumes 
the presence of a complex radicle containing iridium because, unlike 
other reddish-brown iridichlorides, the salts are blue and bluish- 
green respectively, that is. approximating towards the colour of IrCl 3 
°r Ir 2 Cl fi . Tt is observed that didvmium gives a characteristic absorp- 
tion spectrum differing from those of praseodymium and neodym- 
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ium, which points to the existence of an atomic complex. In the 
majority of cases the colour of salts of the type M 2 X 6 is complemen- 
tary to that of the salts MX, of the same element, a property which 
will be discussed in a future paper. W. R. g. 

Absorption Bands in the Ultra-violet and Magnetic 
Birefraction. Gustave Hassol and A. Faucon {Bull. Soc. 
chim., 1919, [iv], 25 , 585— 588).— It is shown that the substances 
or groups which give absorption bands in the ultra-violet also 
exhibit magnetic birefraction as found by Cotton and Moutou 
(compare A., 1910, ii, 368). W. G. 


Quinone-imide Dyes. XII. Absorption Spectra of some 
Cyanoacridine and Cyanopyronine Dyes. F. Keiirmanx and 

M. Sandoz (Her., 1920, 53, [A], 63-66).— In an earlier paper (A, 
1918, i, 313) it was shown that the substitution of the group 
•C'CiN for the tervalent nitrogen atom in safranines and azoxines 
has practically no effect on the colour. The absorption spectra for 
three sets of comparable dyes have now been determined, revealing 
the same feature. In fact, the groups 


OCX 


/\/\ 



nnd 


N 



NPh 


especially may he regarded as optically equivalent.. J. C. \V. 


Determination of the Constitution of Coloured Substances 
from their Absorption Spectra. II. F. Kebrmanx and 
Maurice Sandoz (Utlv. Chim. Act a, 1920, 3, 104—114. Compare 
A. 1918, ii, 418)- — The absorption spectra of the mono- and 
di-amino- and of the dianilinophenaziues have been examined. 

Alcoholic solutions of phenazine and aminophenazine are almost 
colourless and orange respectively, whilst similar solutions of s.- and 
2 • 3-diaminophenazines are pale' yellow and very light yellow; this 
is in accordance with the authors' theory that the introduction ot 
an amino-group in the para-position to the nitrogen of quinone- 
imines or in the same position with respect to the carbon atom oi 
triphenyl methane has a hypsochromic or bathochronne influence 
which depends on the basicity of the group into which- it enters. 
The introduction of the first amino-group into phenazine consider- 
ably increases the basicity, but this is not the case with the secoii 
group. Phenylated derivatives of phenazine are slightly M° r f. r * 
than the corresponding non-phenylated compounds but are clue 
noticeable for the augmentation of the intensity of colour ette 
by introduction of the phenyl group. In general, the absorp 
curves of the bases do not. present any striking anomalies, and t 
authors therefore attribute to them the orthoquinonoid 
of pheuazine itself. 
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spectra •*» SuS? 

lost their auxochromic effect by conversion into amino salts When 
however, the solutidns are gradually diluted with concentrated sul- 
phuric amd, the blood-red colour suddenly changes to green the 
shade differing somewhat with the individual compound The 
gradual dilution of the acid appears to cause hydrolysis of the poly- 
acid salts and to liberate one by one the auxochrome groups the 
activity of which has been paralysed by salt-formation. Thus 
the green shade of the tri-acid salt of diaminophenazine gradually 
gives place to the violet tint of the di-acid salt and to the cherry 
coloration of the mono-acid salt. Since the successive transforma- 
tions take place in a continuous manner without appearance of any 
striking anomalies, the authors ascribe the paraquinonoid consti- 
tution to the di acid and mono-acid salts, as well as to the green 
tri-acid compounds. 

The ultra-violet spectra of the bases and of the mono-acid salts 
have been examined. With the former, an absorption band is 
invariably observed, which becomes progressively displaced towards 
the visible violet as the chromogen becomes more highly substituted ; 
it is situated at A = 250 p/i for phenazine, at \=265 pjn for the 
mono- and di-aminophenazines, and at A = 285 for dianilinophen- 
azines. The position of the anilino groups which has such a marked 
influence on the position of the bands in the visible spectrum 
appears to have no effect on the location of the band in the ultra- 
violet. The mono-acid salt of aminophenazine gives two bands in 
the ultra-violet, that of 1 : 2 diaminophenazine has one band in the 
visible violet (A = 457 p/i). whilst the second is but slightly shifted; 
that of s-diaminophenazine shows only one band in the ultra- 
violet, the second having completely disappeared, The mouo-acid 
salts of the anilinophenazines likewise only show one band in the 
ultra-violet (A = 285 pp). It appears, therefore, that isomeric sub- 
stances with equal molecular weights give superposable spectra in 
the ultra-violet. H. W. 


Photochemical Actions produced in Crystals by means of 
Polarised Light. M. Padoa { All /, Ti. Accad. Lined , 1919, 
[v], 28 , ii, 372 377). — The author has studied the action of 
polarised light on crystals of cinnamic acid, o-nitrobenzaldehyde, 
and cinnamylidenemalonic acid (compare Weigert, A., 1918, ii, 344), 
all of which compounds undergo pronounced photochemical 
transformations. 

After exposure to the action of light, crystals of cinnamic acid 
become dulled, the dimeric otraxillic acid being formed (compare 
Stobbe, A., 1919, i, 329). Since this action is manifest only after 
prolonged exposure, it may be assumed that- solid solutions between 
the monomeric and dimeric forms are first formed ; that such solu- 
tions are supersaturated is confirmed by the normal cryoscopic 
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behaviour of a-truxillic acid in cinnamic acid solution, and melting- 
point measurements indicate the concentration limit of the super- 
saturated solutions to be 3% of the truxillic acid. No appreciably 
different results were obtained on exposing crystals of cinnamic acid 
to the action of polarised light, in the one case with the plane of 
polarisation parallel, and in the other normal, to one pair of parallel 
edges of the crystal. 

When two prismatic crystals of o-nitrobenzaldehyde (compare 
Lobry de Bruyn and Jungius, A., 1903, ii, 531 ; Brnni and Callegari 
A., 1904, ii, 545) are crossed normally and exposed in a polarising 
microscope to the influence of polarised light with the plane of 
polarisation at 45° to the axes of the two crystals, one of the latter 
undergoes change more rapidly than the other. 

Results similar to, but more pronounced than, those obtained with 
o-nitrobenzaldehyde are observed in the case of cinnamylidene- 
malonic acid. After an exposure to the action of polarised liopt 
varying, according to the magnitude of the crystals, from one and 
three-quarters to three hours, part, of the crystal, with its axis uer- 
pendicnlar to the plane of polarisation, is violently detached and 
often projected to a distance; in some cases, however, only trans- 
verse segmentations appear in the crystals, such occurring earlier 
and in greater number in the crystal mentioned. Subsequently, 
crystalline nodules of the dimeride make their appearance. Here 
too it may be assumed that solid solutions of the dimeride in the 
monomeride aro first formed, these solutions being so unstable as 
to produce a condition of tension in the crystals, and consequent 
explosion. The partial transformation of the monomeride into the 
dimeride may be followed by means of the melting point, which 
shows marked lowering even before any change in the crystal is 
apparent. 

Weigert's conclusions are criticised, and arguments are advanced 
in support, of the view that phototropy is to be classed among the 
real photochemical phenomena. T. H, P. 


Behaviour of Fehling's Solution in Light. Ivan Bolin and 
Gunnar I,tndf.r (Zeifsrh. phytikal. Chrm., 1919 . 93 . 721 — 736).— 
Tho action of light from a carbon arc on Fehling's solution in glass 
and quartz vessels has been studied at 15° and 25°. The amount 
of cuprous oxide precipitated was estimated by titration with 
potassium permanganate. The light reactions were compared with 
the reactions occurring in the dark. It is shown that glass 
vessels the reaction has no temperature-coefficient, and that there 
is no evolution of gas. The velocity of reaction is proportional to 
the time during which the solution has been illuminated, and on 
removing the light the reaction ceases. In quartz vessels, the reac- 
tion has a temperature-coefficient 1'2, and after about three hours 
illumination there is an evolution of gas. The velocity °f f 
reaction increases with the time of illumination, and when the 
is removed, the reaction continues for some time. The difference 
in the course of the reaction in glass and quartz vessels is exp aine 
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js follows. In quarts; vessels, in addition to the photochemical 
reaction, an ordinary chemical reaction also takes place. This 
reaction is caused by substances produced in the photo-reaction. 
Both reactions produce cuprous oxide, the chemical reaction increas- 
ingly more as reducing substances are produced photoehemically. 
Consequently, the total amount of cuprous oxide produced increases 
progressively with the time. On shutting off the light, the reaction 
continues until all the reducing substances have been used up. The 
reaction is more pronounced in quartz vessels, because these allow 
light of smaller wave-length than 350 /t/x to enter the liquid, and it 
is b due to these waves that the reducing substances are produced 
from the tartrate in the solution. J. F. S. 


The Recoil of a-Particles from Light Atoms. L. B. Lokb 
,pi„ i Mar/., 1919, [vi], 38 , 533- -541).— An account is given of an 
attempt to verify the conclusion of Rutherford, namely, that in 
collisions between o-particles and light atoms, the number of atoms 
projected straight forward within an angle of 10 ° from that of the 
a-particle is ten to thirty times that calculated from Darwin’s theory 
of point charges, by examining the number of a-particles recoiling 
after collision with light atoms. The conditions necessary to ensure 
success and overcome the numerous difficulties are worked out, but 
the results are provisional and indecisive for lack of sufficient time. 
They indicate that for aluminium the abnormalities found by 
Rutherford for nitrogen and hydrogen begin to show themselves, 
but the experimental difficulties were not. overcome for lighter 
elements, such as carbon. The range of the a-particle deflected at 
IO 50 f r om aluminium was found to be below 3 6 cm., as is to be 
expected if the laws of energy and momentum apply to these close 
encounters. 


Passage of Corpuscular Rays through Material and the 
Constitution of the Atom. I. R. Seeuger (Jahrb. Badwaktrv. 
Ekkfronik, 1919, 16 , 19-G5).-A theoretical paper in which the 
author discusses the work of many investigators on the passage ot 
a- and 6-rays through material. The consideration is concerned 
with the individual processes and changes brought about by the 
passage of a corpuscular ray through an atom or a molecule. These 
changes are subdivided into changes in the moving particle . 
(i) direct conveyance of kinetic energy to the atom, and (u) emission 
of electromagnetic radiation; and into changes in the atom 
(i) direct gain in kinetic energy, (ii) emission of elert™magnetic 
radiation, (iii) emission of secondary corpuscular radiation, md 
(iv) chemical changes. 

Connexion between Collision Ionisation and tbe Energy 
of Ionisation of Neutral Molecules. ■ kakc , ■ ‘ ’ 

and Thea Kruger (Ber. Dent, phpM. <?«., 1?N. «. <23 
-The ionisation steps of hydrogen ha ' ,e e “ 0 ‘.' 7 VQ ^ 171 ±0’25 
shown that definite ionisation occurs at > 
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volts, and 30'4±0'5 volts. The first step corresponds with the 
formation of H 3 ‘, and the measurements show that an ion with 
considerably larger diameter is formed at 11*5 volts than at 17 or 
30 volts. At 13'6±0'7 volts there is an emission of ultra-violet 
light, the potential 171 ±0 25 volts corresponds with the ionisation 
of the atom into a normal, and a positive ion and an electron, and 
the potential 30'4 + 0'5 volts corresponds with ionisation of the atom 
into two positive ions and two electrons. These results go to show 
that the Bohr atom model of hydrogen is not strictly in keepina 
with the facts. J. F. S. b 


Apparatus for the Separation of Radium Emanation 
and its Estimation Electroscopically. J. E. Underwood ami 
Hebman Schlundt (Trans. .4mer. Electrochem. Soc., 1918, 34, 
303 — 209). — -An apparatus is described by means of which radium 
in various ores and concentrates may be estimated. The material 
is either boiled with concentrated sulphuric acid or fused with a 
mixture of alkali carbonates or with sodium hydrogen sulphate in 
one part of the apparatus, and the emanation stored in a mercury 
burette in another part of the apparatus. The emanation is kept 
for ten minutes in the burette to allow the thorium emanation to 
decay, and is then passed into the electroscope, where it is measured 
in the usual wav. Using this method, Brazilian monazite is shown 
to contain 0'794 -0 812 x 10~ 7 gram radium per gram; Indian 
monazite, O' 1017 — 0-1025 x 10 _7 gram radium per gram. ,T. F. S, 


Comparison of the Ionisation Currents due to Equal 
Quantities of Radium Emanation in Different Types of 
Electroscopes. T. H. Leamixo, Herman Schlundt, and Julius K 
Underwood (Tram. Amer. Electrochem. Soc., 1916 , 30, 365 — 3781. 
—The authors have compared the ionisation currents obtained with 
several types of electroscopes (Lind, Wulf quartz fibre, Fontacto- 
meter, Duane and Laborde, and Randall), and find that, with the. 
exception of the Randall rectangular electroscope, the measured 
currents have lower values than the values calculated by the formula 
of Duane and Laborde, I- K(I -C .SjV). In some cases, the 
values were 18 — 22% too low. The experiments show that the 
reduction factor. C. of Duane and Laborde’s formula has. specific 
values for ionisation chambers of definite dimensions. J. F. 8. 


Absorption of Radium Gamma Rays, K.W. F. Kohlsausou 
(Sitzitn/jsher. K. A had. TTim. II ten, 1917, 126 , lire, 683 704).— The 
results of the investigation are given in the following table, where 
JTj, Kr,, and A* 3 are the three components of the complex 7-rays from 
radium : 

Absorption Coefficients |i,, and ji 3 . 


Absorber. 

Lead 

Zinc 

Iron 

Aluminium 


K v 

K r 

K t 

0-545 

14 

4-6 

ft-327 

0-57 

1 44 

0*356 

0-63 

2-00 

0-127 

0-23 

0-57 
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The ratio of the energies measured by ionisation currents is, for 
these three components, K^.K^.K^ 1:6:8. The absorption 
measurements show that the influence of secondary radiation is 
extremely important. Chemical Abstracts. 

The Hard Secondary Gamma Rays from Radium. K. W. F. 

K.OHLRAUSCH (Sitzungsber. K. Al/ad. ll'ian. Wt«», 1917, 126, Ila, 
705— 720).— In a previous paper (compare preceding abstract) the 
author made a careful series of measurements of the absorption of 
the y-rays of radium in various substances. In these experiments, 
the importance of secondary radiation was indicated. The present 
paper deals with this secondary radiation, which is shown to have 
a high penetrating power. When the y-rays pass through matter, 
a very hard type of secondary radiation (p n ,=.0'545 cm.- 1 ) is pro- 
duced. The author compares the observed total energy of the 
secondary radiation with the calculated values for varying thick- 
ness of screen. The observations are in good agreement with theory. 

Chemical Abstracts. 

Absorption of Gamma Rays from Radium. K W, F. 

Kohlrauscii (Sitzungsber. K. Ahrnl. If™. Wien, 1917, 126, Ila, 
887—913). — The results are given of an extensive series of measure- 
ments of the absorption coefficients of radium y-rays in different 
substances. Chemical Abstracts, 

The Chemical Character of Protoactinium [Ekatan- 
talum]. I. Separation of Protoactinium from Pitchblende. 

Otto Hahn and Lise Meitner (l Ur., 1919, [B\, 52, 1812—1828). 
■The raw material for the preparation of protoactinium is the 
insoluble residue, consisting principally of silica, from pitchblende 
after treatment of the mineral with nitric acid. By repeated 
extraction with nitric acid, all the radioactive substances, including 
radium, can be dissolved, and the residue left with a very feeble 
a-aetivity, due chiefly to protoactinium. It is recommended to 
add from 1% to 1 % of tantalum oxide to the pitchblende residue 
and to heat it with a little concentrated sulphuric acid and excess 
of 40% hydrofluoric acid in a platinum capsule covered with a 
platinum dish containing cold water to serve as a condenser, then 
to dilute and filter through a paraffined funnel, evaporate the 
filtrate, and ignite the residue gently, which renders the tantalum 
oxide containing the protoactinium insoluble in acids. An addi- 
tion of a few milligrams of thorium and of lead nitrates to the 
hydrofluoric acid serves to keep traces of ionium, uranium- J, and 
radio-lead from passing through the filter with the tantalum. The 
ignited tantalum oxide is boiled with anua regia to remove iron, 
zirconium, etc., leaving the tantalum undissolved. 

The Rutherford-Boltwood ratio of 8% for the actinium branch 
series would, neglecting correction for difference of range, lead to 
an a-activity of proto-actinium 4% of that of the uranium in t e 
mineral from which it is extracted. This is found to be much too 
high. The protoactinium was separated from known amounts of 

6* — 2 
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pitchblende by three different methods, detailed below, and the 
a-activity of the preparation extracted per gram of mineral was 
found to be the same, within 10%, in six experiments, from which, 
after applying a correction for the range, it is calculated that only 
3% of the atoms of uranium disintegrating pass through the proto- 
actinium, actinium series. The three methods consist of : (1) fusion 
of the pitchblende with sodium hydrogen sulphate, followed by 
treatment of the insoluble residue with hydrofluoric acid, as already 
detailed; (2) treatment of the very finely divided mineral with 
hydrofluoric acid and sulphuric acid, in which the main part of 
the protoactinium passes into solution directly; (3) treatment of 
the mineral very similarly to that described already for the residue. 
Full details of the chemical operations and charts are given show- 
ing, in each case, the distribution of the radio-elements in the 
successive stages of treatment. Tantalum oxide was always added 
to the mineral, and elaborate care taken, more of this material 
being added and separated from each of the separate parts to 
remove proto-actinium, to ensure that all was separated. Finally, 
as a test, a known amount, of previously prepared protoactimum 
preparation was added to pitchblende, and the result showed that 
no loss, exceeding 5%, occurred in the course of the chemical 
treatment. 

The low percentage of the actinium series operates against 
sufficient protoactimum being present in uranium minerals for 
isolation like radium. Its period of average life can only be fixed 
within the limits of 1200 and 180.000 years at present, which corre- 
spond with weights in the mineral of l'fi>% and 22‘ 5% of the weight 
of contained radium. So far. efforts to concentrate it from 
tantalum have failed. It is suggested that an examination of the 
amount of protoactinium in old uranium preparations might throw 
further light, on the period, and uranium preparations of known age 
of uranium, not less than 100 to 200 grams, aTe appealed for. The 
3% ratio agrees with the ratio found for the relative activities of 
uranium -A', and uranium-F. It is pointed out that protoactininm 
with atomic weight about 230 and place in the periodic table 
beyond thorium, of atomic weight- 232, furnishes probably another 
example similar to that of tellurium and iodine. F. S. 


The Origin o! Actinium. Otto Hatin and Risk M f.itxep, 
(Phi/M. Zeitsch., 1919. 20. 529 -533. Compare preceding 
abstract). — The paper contains some further details of the methods 
employed for determining the relative a-activity of the preparations 
measured. 


Determination of the Half-life Periods of Thorium and 
Actinium Emanations. K. Scum in (Silznn,jsber. K. Akad. Fim- 
Wien, 1917, 126. Tin, 1065- 1079). The author describes a method 
which is the same in principle as that used by Leslie and Perkins- 
Measurements were also made by Rutherford s method, m w jy 
the ionisation current is measured at different points along a i - 
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through which the emanation is flowing at a known rate. A third 
method employed is due to Mache. The mean results of the 
investigation are as follows: half-life period for thorium emanation 
54 -f> ±0-03 secs.; for actinium emanation 3'92±0015 secs. 

Chemical Abstracts. 

The Age of Thorium Minerals. R. \V. Lawson (Sitzmwsber K 
Ahad. Wm. Wien, 1917, 126, 1[„, 721- -739). — The paper deals 
with the end-product of the thorium series in the light of the atomic 
weight results of Hdnigsehmid and others. It is shown that the age, 
determined from the Th/U and l’b/U ratios, may he between 
8 and 300 million years. ^ The minerals employed came from Devon, 
Brevig, and Norway. The possible origin of the large discrepancy 
in age is dismissed. Thorium minerals from Ceylon give a range 
from 138 to 306 million years. Chemical Abstracts , 0 

Electrolytic Dissociation Theory. Oeorc.e Senter (Trans. 
Faraday Soc., 1919, 15, 3—9).- An introductory paper to a dis- 
cussion of The Present Position of the Theory of Ionisation (see 
following abstracts), in which the author summarises certain 
investigations on electrolytes in solution, namely, hydration, 
deviation of strong electrolytes from the law of mass action, and 
the chemical activity of ions and non ionised molecules. It may be 
regarded as established that ions and undissociated molecules may 
simultaneously undergo chemical change, and that in the catalytic 
activity of strong acids the non ionised molecule plays a part as 
well as the hydrogen ion. ' J, R. p. 

Electrolytic Dissociation. Svante Arrhenius (Trans. Fara- 
day Soc., 1919, 1.5. 10 — 17). — Tile author summarises the present 
evidence in favour of the dissociation theory of solution under 
eleven headings: (1) Evidence from analytical chemistry. (2) Addi- 
tive properties. (3) The diffusion of electrolytes. (4) The electric 
conductivity of solutions. (5) Colours of solutions. (G) Ostwald's 
law. (7) Non-aqueoiis solutions. (8) Ostwald's law for salt solutions 
in water. (9) The freezing point of aqueous solutions. (10) Devia- 
tions ill concentrated solutions. (11) Yelocitv of reaction. 

,t. r. r. 

Present Position of the Ionisation Theory : Reactions of 
both the Ions and Molecules of Acids, Salts, and Bases. 

S. F. Acree (Trans. Faraday Soc., 1919, 15, 18 — 20). — Mainly an 
historical account, of attempts to elucidate the so-called “ abnormal 
salt effect ” of dissolved electrolytes. Results on the inversion of 
sucrose and other reaction velocities are explained by assuming 
that molecules, as well as ions, are active. The acid molecules are 
found to be two or three times more acl ive than the hydrion ill the 
case of hydrochloric, hydrohromic, and nitric acids, as measured by 
the hydrolysis of sucrose. A similar conclusion was reached for 
the hydrolytic activity of alkalis. The activity of molecules is also 
deduced from a study of the action of alkyl haloids in alcoholic 
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solution on phenoxides. Another cause of abnormal salt effect u 
solvation, studied by Lapworth. Several tables of values of the 
velocity constants of ions and molecules, deduced from the author's 
results and from re-interpretation of those of other workers, are 
given. J. R. j> 

The Bearing of Migration Data on Conduction in Solu- 
tions . The Electrochemistry of Sodium Iodide in Acetone 

James W. McBain and F. C. Coleman (Trans. Faraday Soc., 1919 
15 , 27 — 46). — When the sum of the movements of both ions is 
equal to the total current, the solvent cannot be appreciably dj s . 
sociated. This is the case in aqueous solutions. Hypotheses to the 
contrary are therefore invalidated. The migration data for sohi 
tions of sodium iodide in acetone, and of silver bromate in diethyi- 
ainine, show that, even in highly concentrated solutions, the solvent 
does not conduct appreciably. The evidence of the migration data 
shows that conductivity is only an approximate measure of the 
degree of dissociation, since the migration ratio almost invariably 
increases with the concentration, a change ascribed to solvation. 
The calculation of conductivities at infinite dilution from extra 
polation of dilution formulae to infinite dilution, or from the 
assumption of the law of mass action at infinite dilution, are 
regarded with disfavour. The molecular weight of sodium iodide 
in acetone, determined by the boiling-point method, is normal 

J. R. P. 

The Determination of the Ionisation of an Aqueous 
Solution. W. R. Bousfield (Trans. Faraday Soc., 1919, 15 , 
47 73). — A summary of the methods used by the author in calcu- 
lating the ionisation of an electrolyte in aqueous solutions. Ion- 
isation is assumed to he the result of the interaction of associated 
water molecules with the molecules of the salt, whereby (H.,0), 
and H.,0 molecules react with the salt- to produce (IT 2 0). 2 molecules 
and hydrated ions. The application of the law of mass action then 
gives equations which give good results for a large class of strong 
electrolytes at high dilutions, and in thp case of the alkali chlorides 
give good results in concentrated solutions. On account of vary- 
ing hydration, it is assumed that the transport numbers require 
correction. This, however, cannot at present be carried out except 
by the method of trial and error. Stress is laid on the part played 
by the solvent, which is assumed to pxist ill associated forms, the 
proportions of which vary with the concentration of t.he solution, 

J. R. P. 


Correction of the Transference Numbers of the Ions of 
an Electrolyte. W. R. Bousfield (Trans. Faraday Soc., 1919, 15, 
74 — 80). — On the assumption that the volumes of the ions in solu- 
tion are unequal, the correction necessary in the ordinary method 
of calculating the relative ionic mobilities from the transport 
numbers is found. The corrections are inappreciable at concentra 
tions less than normal. ^ ^ 
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Some Aspects of the Electrolytic Dissociation Theory 

tfiLBATAN Dhar (Trans. Faraday Soc., 1919 15 81— 93^ — Bv a 
discussion of recent work on electrolytes, including molecular-weight 
determinations Kohlrausch s rule, freezing points, osmotic pres- 
ses, heats of neutralisation of acids and bases, and absorption 
spectra, the conclusion is -drawn that the theory of non-ionisatinn 
proposed by Snethlage (A., 1915, ii, 615, 825) i/uot tenable 

J. R. P. 

„ °* Ioll T S ' S«n [Trans. Faraday 

Soc., 1919, 16, 94— 97).— In his calculations of the radii of ions 
Bousfield adopts a radius for the water molecule which leads to a 
value for Avogadro's constant over twenty times that adopted in 
the same calculations. The values for the ionic radii deduced from 
Stokes’s law do not agree with those derived from other calcula- 
tions. It is believed that it is incorrect to apply the law of Stokes 
to molecular magnitudes. ' j p p 


Some Recent Investigations on the Dilution Law. J, R. 

Partington (Trans. Faraday Soc., 1919, 15, 98 — 121).— In the 
case of weak electrolytes the law of mass action applies with greater 
accuracy than to any other case yet investigated. The viscosity 
correction has been applied ill a very arbitrary manner by many 
investigators, and tho author believes that in dilute solutions it is 
unnecessary. 'The equation deduced by Szyskowski (A., 1915, 
ii, 616) gives very accurate results for strong electrolytes, and 
renders unnecessary the arbitrary alterations made by Kraus and 
Bray (A., 1913, ii, 914) in the accurate experimental values of 
Kohlrausch and Maltby (A., 1900, ii, 61). It is shown that the 
theory proposed by Ghosh (A., 1918, ii, 348, 392, 423) is not in 
accordance with the experimental results of the latter observers, 
since it requires equal ionisations at equal dilutions for all electro- 
lytes of the same type, whereas differences are found. It is con- 
cluded that the law of mass action applies to strong electrolytes at 
great dilution. J. R. P. 


Variation of Electrical Conductivity of Electrolytes 
with Increase of Concentration. Alfred W. Porter (Trans. 
Faraday Soc., 1919, 15, 122 — 125). — The empirical equation of 
Kohlrausch, 1 — a — const, x d, is shown by a graphical method to 
hold over a large range. The index n of Storch’s equation, 
a/(l -a)" = AT 1 is practically the same for potassium chloride 
as for sodium sulphate, in spite of the difference in valency. This 
equation has the form required by the law of mass action for a 
possible reaction, although the particular reaction which makes 
(van’t Hoff) has not yet been identified. The assumption of 
electrical action between the ions would lead to diminution of the 
ionisation a with concentration at a greater rate than required by 
the law of mass action, whereas the opposite effect, is actually found. 
If the law of mass action holds good at great dilution, it is neces- 
sary to explain the transition from this to the other laws which hold 
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at increased concentrations. A possible equation is o 2 (l + Aa/ 1') 1 
(1 -a)[l + c(l -o)/ rj = const., where 6 and e are additional con. 
stants. J. R. p 

The Resistance of an Electrolytic Cell. Edgar Nbwbsrv 
( Traits . Faraday Soc., 1919, 15, 126 — 136). — That part of the irre- 
versible resistance of an electrolytic cell which is concerned in the 
transfer of the current from electrode to electrolyte has been 
studied in a number of cells. Transfer resistance is greatest when 
gases are liberated at the electrodes, considerable when gaseous ions 
are utilised in carrying the current, although not liberated at the 
electrodes, and negligibly small when the current is carried by 
metallic cations and by anions which readily dissolve the anode 
Conditions favourable for high transfer resistance are low current 
density, low temperature, polished surfaces, and high over-voltages. 
Those conditions which affect the nature of the surfaces affect also 
the transfer resistance. Transfer resistance is due to the mechani- 
cal resistance (pressure and frictional) which opposes the penetra- 
tion of gaseous ions into the surface of the electrodes. Measure- 
ments of electrical conductivity are liable lo serious error if transfer 
resistance is not perfectly eliminated, and there is reason to fear 
that this has not been done in determining some of the conductivity 
data at present, available. J. R. p. 

Effect of Interionic Forces in Electrolytes. S. R. Mimes 
(Trans. Faraday Foe., 1919, 15, 148 — 151).- Chemical forces, which 
cause the association of two ions into a molecule, diminish extremely 
rapidly with the distance, and become negligible at very small 
separations of the ions, whereas electrical forces between the ions 
fall off comparatively slowly. The ordinary derivation of the law 
of mass action for electrolytes assumes that interionic forces become 
negligible for finite separations of the ions. These forces, however, 
would cause a reduction of osmotic pressure and of molecular lower- 
ing of freezing point. The application of the inverse square law 
leads to general agreement with the observed freezing-point curves. 
The conductivity should be proportional to the osmotic pressure 
of the free ions, that is. those possessing sufficient kinetic energy 
to escape from their attracting neighbours. J. R. P. 

Ionisation and the Mass Law. H. M. Dawson- (Trans. Fara- 
day Sac., 1919, 15, 152 — -153). — 1 The deviations from the law of 
mass action in the case of strong electrolytes are ascribed mainly 
to changes in the ionising power of the solvent by the highly polar 
solutes. J. R. P. 

The Abnormality of Strong Electrolytes. Jnanendm 
Chandra Ghosh (Trans. Faraday Sac., 1919, 15, 154 — 163).- The 
author does not agree with the criticisms of Partington (see 
above). The deviation from his theory shown by some electrolytes 
is ascribed to hydration of the ions, -T. R- P- 
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Equilibrium between Bromine and Potassium Bromide 
Solutions at 0°. Grinnell Jones and Miner Louis Hartmann 
(Trans. Amur. Electrochem. Soc., 1916, 30, 295— 326) .^Measure- 
ments of the equilibrium between bromine and water and between 
bromine and potassium bromide solutions at 0°, and of the speoiiic 
conductivity of the solutions have been made. Calculations by the 
method of successive approximations based on the results show that 
tbe following reactions occur: (i) bromine dissolves as Br., ; (ii) 
Ur.+ HjO — H' + Br' + HBrO; (iii) KBr+Br, KBr 3 ;" (iv) 
KBr+2Br 2 — K Br, ( . A saturated solution of bromine in water 
at 0° has the composition Br,=0'2539 mol. per litre; II', 0 001085 ; 
Br' 0-00012S; Br/, 0-000628; and Br„ 0 000331. The hydrolysis 
constant, ^„ = (H')(Br')(HBrO)/Br 2 =5'7x 10-*°, the equilibrium 
constant 7t’ a =Br' x Br. z /Br/ = 0 061 ; and the equilibrium constant, 
K =Br' x Br s 2 /Br/ =0 0246. The partition-coefficient of Br 2 
between water and carbon tetrachloride after correcting for hydro- 
lysis is /J = 21018-i-2'831< , 2, where V is the concentration of Br, in 
the carbon tetrachloride. By means of these constants the concen- 
tration of each ion may be calculated in any solution containing 
known amounts of potassium bromide up to 0T.V and bromine up 
to saturation. The conductivity of a series of solutions of potass- 
ium bromide from O'OOl.V to Oi.Y has been determined at 0°. 
When extrapolated to infinity by Noyes' method, these results give 
83'8 for l x , and if the ionic conductivity of K' is 40T, Br' has 
the value 43 7. From the data for the specific conductivity of solu- 
tions of potassium bromide containing bromine it follows that the 
ionic conductivity of Br/ is 23 5 and of Br/, 16 3. J. F. 8. 


Corrosion of Metals by Acids. Oliver P. Watts and 
Newton 1). Whipple (Trans. A-mer. Electrochem. Hoc., 1917, 32, 

257—284). The rate of corrosion and solution of iron, zinc, zinc 

amalgam, mercury, cadmium, till, lead, copper, gold, silver, tin 
amalgam’ and lead amalgam by means of hydrochloric acid, sul- 
phuric acid, perchloric add, phosphoric acid, and acetic acid, anti 
also by solution of sodium hydroxide and a series of salts, has been 
determined. The effect of a number of oxidising agents on the rate 
of solution has also been investigaled. The following oxidising 
agents were used : hydrogen peroxide, sodium arsenate, feme sul- 
phate, ferric chloride, potassium dichromate, potassium chlorate, 
mercuric chloride, potassium permanganate, potassium nitra e, 
chromic anhydride, nitric acid, potassium bromide, sodium nitrite, 
and potassium iodide. The authors confirm the view previous y pu 
forward (tbul.. 1912 , 21, 340) that the protective effect of arsenic 
on the corrosion of iron by sulphuric acid is due to pc ansa ion } 
hydrogen. This view is confirmed by the facts that t m corrosion 
of iron by acids when the metal was protected by arsenic was greatly 
accelerated by oxidising agents and arsenic does not protect iron from 
attack by corrosive agents which do not evolve hydrogen y 1 

action. Amalgamation protects zinc from corrosion >yaci ® ' 

the discharge potential of hydrogen on mercury exceeds ■ t> P 
t.ial on zinc. Protection by arsenic and mercury are alike in their 
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nature. Tin and lead are very slowly dissolved by non-oxidising 
acids, although their potentials are such as would ealuse their 
ready solution in acids, if it were not for the unusually high ciis- 
charge potential of hydrogen on them. Removal of hydrogen by an 
oxidising agent causes these metals to dissolve readily in acids that 
otherwise corrode them very slightly. Corrosion by acids, of metals 
below hydrogen in the electrochemical series, namely, copper and 
silver, has been brought about by the presence of oxidising agents. 
The statement that the corrosion of amalgamated zinc in dilute 
sulphuric acid is accelerated in a vacuum is shown to be incorrect. 
By removing the depolarising oxygen of the air, reduction of pres- 
sure retards corrosion, not only of amalgamated zinc, but of other 
metals the solution of which is hindered by a polarising film 0 f 
hydrogen, With respect to their corrosion the metals examined 
may be classified as follows : (o) Metals the potentials of which 
exceed the discharge potential of hydrogen on them ; these dissolve 
readily in acids except such as form insoluble salts. (6) Metals the 
potentials of which are less than the discharge potential of hydrogen 
on them; these dissolve readily in acids only in the presence 
of oxidising agents. Gold and platinum are not readily 
attacked by acids in general, even when these contain 
oxidising agents. The superiority of nitric acid over other 
acids as a solvent for metals is due to its being at the same 
time an acid and an oxidising agent, which enables it to dissolve 
metals of the second class, which non-oxidising acid9 are unable 
to do. Oxygen is necessary for success in cyaniding gold ores 
because in dilute cyanide solutions gold is a metal of the second 
class. Measurements of the discharge potential of hydrogen in 
solutions of potassium cyanide and sodium hydroxide, and experi- 
ments on the corrosion of metals in the latter, lead to the conclu- 
sion that the above classification, the action of oxidising agents, 
and protection by other metals will apply to the dissolving of any 
metal in any electrolyte from which it displaces hydrogen when 
passing into solution. The above classification of metals according 
to the relative magnitude of their potentials in comparison with 
the discharge potential of hydrogen on them applies not only to 
the solution of metals, but' also to their electrolytic deposition. 
Plating baths for depositing metals of the first class cannot be 
strongly acidified without causing the deposition of much hydrogen 
in place of an equivalent amount of metal ; but a large proportion 
of acid may be added to solutions for the deposition of metals of 
the second class without greatly lowering the current efficiency 
through the deposition of hydrogen. *■ 

Heat o! Hydration ol Gaseous Atomic Ions, K. Fajahs 
(Ber. Deaf. v h,jxikal. Get.. 1919, 21, 709-713. Compare this 
vol.. ii, 12, 21).— A theoretical paper in which a correction ol the 
heat of hydration of the hydrogen ion is made; ill place of the 
previously published figure II' = 3G2 Cal. per gram ion, the more 
correct, but still approximate, value 260 Cal. per gram ion k i su )- 
stituted The term “ hydration of ions" is more fully 
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The term is not intended to indicate the formation of hydrates of 
the ions of definite stoicheiometrio composition, but rather that 
due to the electrostatic charge of the ions, the oppositely charged 
part of the polar water molecule is turned toward the ion, and this 
in its turn exerts an attractive force on the next molecule This 
type of dielectric polarisation proceeds continuously in the water 
surrounding the ion. The heat of hydration increases with 
decreasing volume of the gaseous ion, and reaches an exceedingly 
large value with the hydrogen ion . J F ^ 

Affinity of Halogen Atoms for Electrons and the Energy 
of Ionisation of the Hydrogen Haloids . K. Fajams ( Ber . Deut. 
■phijsikal. Ges., 1919, 21, 714—722. Compare preceding abstract). 
—A theoretical paper in which, making use of the principles 
previously published, the author calculates the energy change, in 
the form of a development of heat, which results from the com- 
bination of the halogen atoms with an electron. It is shown that 
the combination occurs with considerable loss of energy, but that 
the amount decreases with increasing atomic weight; the values 
found are in Cals. : chlorine 116, bromine 87, and iodine 81. The 
wave-length of the spectrum line brought about by this combination 
is calculated by means of the formula t-hv-h x 3 x 10 !0 /,\, in 
which e is the energy change and A the wave-length in Angstrom 
units. The following values are obtained : chlorine 2440, bromine 
3350, and iodine 3490. By the same method of calculation, the 
work of ionisation of the hydrogen haloids has been obtained. The 
heat of combination of a gaseous hydrogen ion with a gaseous 
halogen ion is found to be: chlorine 322, bromine 310, and iodine 
300 Cal. Using the formula I' — 1 000 / 96,500 x 0-2388, in which 
V is the ionisation potential and U the energy change, the ionisa- 
tion potential has been calculated, and the following values 
obtained: hydrogen chloride 140 volts, hydrogen bromide 134 
volts, and hydrogen iodide 13 0 volts. J. F. S. 

Electron Affinity of Gases, K. Fajans (Ber. Deut. physical. 
Ges., 1919, 21, 723 — 727. Compare preceding abstracts). —In an 
earlier publication, Franck (A.. 1910. ii. 817) attributes the loss 
of mobility of negative ions in the presence of oxygen and other 
gases to the combination of the gas atoms with electrons, and he 
formulates a potential series of the various gases. This question is 
discussed in the present paper. It is shown that the collision of 
an electron with a gas molecule effects the change represented by 
one of the equations: (1) -V., + 0 = X + -T" ; (2) X, + 2Q^2X". 
For the halogens, the potential of the change is calculated, and 
the following values obtained: equation (1), chlorine — 0 ‘44 volt, 
bromine — 1 1 78 volts, and iodine — 1’9G volts; equation (2), chlorine 
— 5'47 volts, bromine — 5'55 volts, and iodine — 5'47 volts. In the 
case of the hydrogen haloids, particularly hydrogen chloride, the 
change HX + @~II + X - is supposed to occur, and this, on calcu- 
lation, yields the potentials: hydrogen chloride +0'39 volt, 
hydrogen bromide — 0 ■ 0 9 volt, and hydrogen iodide —0 53 volt. 
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Both considerations explain the formation of gas ions from electrons 
and atoms without the necessity of assuming a specific electron 
affinity. J- ^ S. 

Theory of Heat Change. F. Haber ( Ber . Deut. physikal. Ges., 
1919, 21, 750— 768).— A theoretical paper in which the author 
discusses the theory of heat change in connexion with (i) hydration 
energy of gaseous ions, (ii) energy of dissociation of salt vapours 
and ionisation potential of metal cations, and (iii) lattice energy 
and ultra-violet characteristic frequencies. * J. F. 8. 

Affinity of the Halogen Atoms towards Electrons, y. 

Born (Tier. JJeut. jtht/sikal. Gas., 1919, 21, 679 685, Compare 
Born, A., 1919, ii, 214; Fajans, this vol., ii, 12).— A theoretical 
paper in which, based on the theory put forward previously by the 
author and Fajans ( loc . at.), the affinity of the halogen atoms for 
electrons is calculated. The values E, the energy of combination 
of an atom with an electron, Z, the energy of dissociation of an 
atom into ion and electron, and I), the heat of dissociation of a 
diatomic gas, are calculated, and the following numerical values 
in Cals, obtained: fluorine, Z= -26 (mean); chlorine, Z=-G2 
(mean), 71 = 57, £ = 119 Cals., or 516 volts; bromine, Z=- 61, 
71 = 23, £ = 84 Cals., or 3'64 volts; iodine, Z = -59, 71=18, 
£ = 77’ Cals., or 3 33 volts. It is shown, also, that the wave- 
length corresponding with the energy can be calculated on the basis 
of the quantum theory. The following wave-lengths in Angstrom 
units are obtained: chlorine. =2380; bromine, A,. = 3360; iodine, 
A* =3680. J. F. S. 

Cuprous Oxide Photo chemical Cell. Theodore W. Case 
(Tran*. Amrr. Elatrochem. ,S'oc., 1917, 31, 351 — 364). — 1 The action 
of light on one electrode of the cell Cu | Cu 2 0 1 aqueous copper 
formate + formic acid | Cu.,0 1 Cu has been investigated. It is 
found that an E.M.F. up" to O'OBo volt can be obtained and a 
current of 0 003 ampere if the metal plates are 20 x 3’2 cm. in size. 
By arranging the cell on a rotating disk, so that the copper plates 
arp alternately illuminated, an alternating current of various 
amplitudes and frequencies may be obtained. The action of the 
cell indicates that, under proper conditions, its life may be con- 
tinuous, and that its elements will not disintegrate. The action of 
the cell is compared to the resistance change of the mineral cuprite 
when exposed to ultra-violet light. The contrast between the 
E.M.F. effect of cuprous oxide and cupric oxide is discussed. The 
act ion of the cuprous oxide photochemical cell is explained on the 
basis of the oxidation of cuprous oxide to cupric oxide in light 
It is shown that there is 110 relation between the sign of the light 
action and the colour of heated copper plates, J- F- 

Determination of Hydrogen-ion Concentration. John f 
M. Bunker (.7. Biol. Chrm., 1920, 41, 11— 14). -A modification 
of a bubbling electrode used in a closed vessel is fully <lcscn»e< . 
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The apparatus is designed to meet the requirements of quick, 
accurate determinations in large numbers, and has given satisfactory 
results. J. C. D. 

Phenomenon after Anodic Polarisation. II. A. Suits, G. L. 
C. La Bastide, and Th. ee Crauw (Free. K. Akad. Wetensch. 
Amsterdam, 1920, 22, 296 — 299. Compare this vol., ii, 8).— It 
was previously shown that, on interrupting the current by which 
iron is polarised* anodically, the potential of the iron falls, passes 
through a minimum, and then reaches the original value. This is 
due to diffusion changes, which affect the ratio Fe”/IV". A 
similar phenomenon is now observed for nickel which has been 
anodically polarised. In solutions of nickel chloride, the minimum 
is reached in less than three seconds, whilst in the case of nickel 
sulphate, the change is much more prolonged. On cathodic polar- 
isation of iron, the reverse phenomenon is observed, namely, the 
potential of the iron passes through a maximum and then falls to 
the normal value. This is to be expected if the explanation offered 
in the case of anodically polarised iron is correct. J. F. S. 

Polarisation Tension and Constitution of Complex 
Cobalt Compounds. Nilratan Dhar and G. Urimin (Compt. 
rend., 1920, 170, 106 — 108). — The polarisation tension of a complex 
salt depends, not only on the constitution of the complex ion, but 
also on the nature of the ion which accompanies it. Thus, in the 
series starting with [Co(NH 3 )|;]Cl 3 , the replacement of ammonia by 
water causes a diminution in the tension, whereas in the series 
[CoC1 2 (NH 3 ),]C1 

the contrary holds good. The replacement of a molecule of water 
by a halogen in such a compound as [Co(NH 3 ) 5 ,H,0]C1 3 causes a 
rise iu the polarisation tension. Further, in the purpureo-salts, the 
tension is higher when the purpureo-complex contains a more 
negative radicle. The replacement of a chlorine atom by a nitro- 
group or of two chlorine atoms by a carbonato-group causes a 
lowering of the polarisation tension. The marked rise in the tension 
following on the substitution of an hydroxy-group for a chlorine 
atom is in agreement with the fact that these complex compounds 
are only stable in alkaline media. W. G. 

The Polarisation in Solutions of Iron. W. Albert Noyes, 
jun. (Compt. rend., 1920, 170, 177 — 180. Compare this vol., 
ii, 9).- — Nernat’s formula, A =0 1 0002T/wi 1 « 1 , for calculating the 
value of A in the equation Ep=A log ]n / + B, giving the potential of 
an electrode traversed by a current, does not apply to the polar- 
isation of solutions of ferrous salts, but none the less gives values 
proportional to the experimental values. TV. G. 

Electrolytic Behaviour of Tungsten. Walter E. ICoerner 

(Trans, rimer, Electrochem. Soc., 1917, 31, 221 — 255). — The 
potential of tungsten in rY solutions of potassium cyanide, sodium 
hydroxide, potassium hydroxide, ammonium hydroxide, sulphuric 
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acid, hydrochloric acid, potassium nitrate, nitrio acid, potassium 
fluoride, potassium chloride, potassium bromide, potassium sulphate 
and potassium iodide has been measured against certain standard 
electrodes at 25°. The results show that tungsten does not behave 
as an insoluble electrode, but sends ions into the solutions with 
velocities which vary with the different solvents. Tungsten has a 
lower potential in A-alkalis than in A-acids, and a lower potential 
in A-acids thau in A -salts. The following E.P. values (11 = 0) 
are calculated from the experimental results; all solutions were 
normal: potassium cyanide, — 0'647 volt; sodium hydroxide, 
-0'316 volt; potassium hydroxide, -0-315 volt; ammonium 
hydroxide, — 0'238 volt; sulphuric acid, 0193 volt; hydrochloric 
acid, 0‘256 volt; potassium nitrate, 0"300 volt; nitric acid, 0-311 
volt; potassium fluoride, 0522 volt; potassium chloride, 0'563 volt; 
potassium bromide, 0-589 volt; potassium sulphate, 0-719 volt; and 
potassium iodide, 0-733 volt. A further series of E.M.F. measure 
nients were made for tungsten in saturated solutions of tungstic 
acid in JV-solutions of hydrochloric, sulphuric, and nitric acid 
respectively. The following values are obtained : hydrochloric 
acid, 0'317 volt; sulphuric acid, 0-313 volt; and nitric acid, 0 317 
volt, The following combinations were also measured : 

W | W(0H) 6 .A-H,S0 4 1| A-TUSO* | W, 

0-117 volt; W | W(OH) 6 ,A’-HCl || A'-HCl | \V, 0-057 volt; and 
VV | W(OH) e ,A-HNO s || A-HNO s J IV, 0’009 volt. The E.M.F. 
values obtained give the relative solubilities of tungstic acid in 
A-acid solutions. Analytically, the values were found to be: 
sulphuric acid, 0 0228 1 gram W0 3 per litre; hydrochloric acid, 
0'01067 gram W0 3 per litre; and nitric acid, 0'00025 gram IVO, 
per litre. The anodic behaviour of tungsten has been investigated, 
and it is shown that in solutions of tungsten in acids it behaves as 
a cation, whilst in solutions of tuDgsten in alkalis it behaves as an 
anion. Tungstic acid goes into solution in acids and alkalis as ail 
electrolyte, and not as a colloid. Tungsten dissolves anodically in 
aqueous and non-aqueous solutions of alkalis, acids, and salts. 
Under specified conditions, tungsten becomes passive when used as 
anode in aqueous and non-aqueous solutions of acids, bases, and 
salts. In aqueous solutions of alkalis and non-aqueous solutions of 
acids, bases, and salts, tungsten only becomes passive at high current 
densities (2 amperes per sq. dcm.). In aqueous solutions of acids 
and salts, the passive condition is assumed by tungsten at low 
current densities, and only at extremely low current densities will 
it remain active in these solutions. The passivity of tungsten is 
due to adherent films of hvdrated oxides of tungsten. The films 
may be readily dissolved and the passivity destroyed. The hydrated 
oxide films appearing on the anode vary in colour from brown 
through blue to yellow. The degree of passivity varies with t e 
colour of the films. The electrochemical equivalent of tungs en 
was found to be 0-3173 mg. per coulomb, a value very close V 111 
agreement with the theoretical value. A number of experiments 
on the use of tungsten in storage cells are recorded. It is o' ln 
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that the potential difference between the brown oxide ( + ) and the 
blue oxide (-) is 0-75 volt. J. F. S. 

Electrical Endosmose and Adsorption. T. R. Bbisos, H. L. 
Piekson, and H. S. Bennett [Trans. A mer. Electrochem. Soc., 
1917, 31 , 257 — 270). — Using a modified form of Perrin endosmo- 
meter, which obviates the error produced by the evolution of gas 
at the electrodes and permits the use of diaphragms composed of 
powdered solids, 1 the authors have determined the effect of the 
applied E.M.F. on the rate of flow of the liquid for the case of water 
with a glass diaphragm. In this case, the liquid flowed to the 
cathode, and the rate was found to be in keeping with Perrin's law 
for EM.F. values lying between 530 and 100 volts. The effect of 
temperature on the rate of flow, using water and asbestos 
diaphragms and cellulose in boiled water, was determined at 
temperatures from 18° to 67°. It is shown that the product, rate x 
viscosity' 4 , is practically constant. The flow of liquid in acid and 
alkaline solutions was investigated with alundum diaphragms, when 
sharp reversals were obtained, which are in keeping with Perrin’s 
results. With glass diaphragms, no such reversal of direction was 
observed. The effect of barium ions on the rate of flow to the 
cathode in alkaline solutions is to reduce it much more than 
would an equivalent quantity of univalent ions. In acid solutions, 
barium ions have little effect, lmt sulphate ions reduce the rate 
much more than chloride, nitrate, or acetate ions. This with 
alundum and carborundum diaphragms. A number of experiments 
with dves in V /500-solutions of hydrochloric acid and sodium hydr- 
oxide are described. It is shown that acid dyes (eosm. crystal 
ponceau) in alkali travel to the cathode, whilst basic dyes .(saf ranine 
and methylene-blue) in acids travel to the cathode; acid dyes in 
acids and basic dyes in alkalis give indefinite results; alundum 
diaphragms were used in these experiments. The relationship 
between dyeing and electrical endosraosis tends to confirm ^the 
adsorption theory. 

Chemistry of the Flaming Arc, in Relation to Luminescence. 

IVn am Roy Mott [Trans. Amer EUdrothem. Soc , 1917, 31, 
'3G5— 390). — The light produced by flaming arcs containing 
substances, and the relative volatility of refractory «H» mces have 
been investigated. It is shown that there is no case of a blue arc 
shell. In every case except barium and vanadium the arc core 
is blue or violet and the shell green, yellow, or red Hen® the light 
from the shell in every case hut barium and vanadium is o 1 g 
wave-length than that of the arc core. The non-metallm ehmente 
fluorine, chlorine, bromine, iodine, oxygen, sulphur, and nitrogen 
do not give elemental spectra, but fluorine, dOon*. oxygen, 
nitrogen give the spectia of compounds in a ca ' ,^ ra _ 

elements phosphorus, arsenic »nd b ° r “ ^ metals except 

The. « "< "» 
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tion at. high temperatures explains this lack of light. The most 
electropositive elements give the most markedly coloured luminous 
shells, especially where more than one valency stage is character- 
istic of the element at high temperatures. With yttrium oxide, the 
crater on the bead alone gives a green shell, which replaces the 
usual red shell obtained with the crater partly on the bead and 
partly on the carbon. Zirconium oxide gives a yellowish-white 
shell. The colour is probably due to hot solids, as zirconium carbide 
is less volatile than platinum, and its oxidation would give an 
extremely non-volatile oxide. Metallic zirconium is fairly volatile. 
In nearly every case with a carbon arc the flow of material is from 
positive to negative. With mixtures of salts of potassium, rubid- 
ium, and caesium fluoride respectively with calcium fluoride a 
strong blast also comes from t.he negative crater which causes a 
unique dimness near the negative part of the arc. A dim, large 
positive crater can often he produced by nearly all salts of potass- 
ium, rubidium, aud caesium and by oxy-salts of sodium. This, with 
the effect on cyanogen bands and arc length may be explained by 
the reaction KP + C 2 N, = KCN + CNF, and others necessary to 
return by oxidation to potassium fluoride, carbon dioxide, and 
nitrogen. A dim negative crater is most, easily produced by barium 
salts volatilised from the positive crater. Glucinum oxide is the 
least volatile of the oxides which are so insulating as to prevent 
cratering, such as oxides of the alkaline eartlis, aluminium oxide 
aud silica. The jades of yttrium, zirconium, thorium, aud the 
other rare earth AM “« cratering. Tungsten is by far the least 
volatile of the knj® i elements, and this is followed by tantalum. 
The light of a yell»T flame arc is due to reactions involving calcium 
fluoride, calcium calcium carbide, and metallic calcium. 

Magnetism "o» the Metalammine Compounds. Esssi 
Rosenbohm (Zeit^jb. phyndal. Client., 1919, 93, 693 — 720). 
— The magnetic su*-ept ibilit.y of a very large number of metallic 
ammine derivatives has been determined at 16 — 20° by means of a 
Curie torsion balauce. The metals investigated were cobalt, 
platinum, rhodium, iridium, ruthenium, zinc, nie.kel, copper, and 
chromium. The ammine derivatives of cobalt,, platinum, iridium, 
rhodium, zinc, and ruthenium are, except in the case of some of 
the cobalttriammines, diamagnetic. The diamagnetism is 
greatest in hexammine salts of cobalt, somewh^; less in the 
pentammine derivatives, very much less in the tetra-ammine 
derivatives, and least in the triammine derivatives of cobalt. 
In the last class of compounds it is found occasionally that para- 
magnetism is exhibited. The same regularity is observed when 
the whole or a portion of the ammonia group is replaced by ethylene- 
diamine or propylenediamine. The entrance of one or more 
ionogen residues into the sphere of the metallic atom is 
be followed by a decrease in the diamagnetism in the case of ._ a . 1 * 
diamagnetic metallic ammines investigated. In the case of p a ®u 
it is shown that the susceptibility and molecular magnetism 
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bivalent platinum is less diamagnetic than is the ease ~ui, j • 

in passing from hexammino- to hexacido-derivatives ft,. J T 7, 
pass, through its extreme value with tho^ ^Xfh W 
no lonogen acid residue. The ammine derivatives of nickel 
copper, and chromium are paramagnetic. In the ease of the 
Chromium derivatives it is shown that the magnetic susceptibiWv 
and the molecular magnetism- are least in the hexammine derilattvl 
and increase steadily to the tnammine derivatives As in tte 
of the cobalt derivatives the extreme value occurs with thowdei* 
atives which contain no ionogen ^,\ group. The examination of 
the geometrical isomerides of the derivatives of cobalt platinum 
and chromium indicates that magueticallv the m- and fWorms 
of a given compound cannot be differentiated . At the same time 
it is shown that the measurement of the magnetic susceptibilitv is' a 
very sensitive method of testing the purity of these isomendes In 
the case of the optical isomerides of cobalt and chromium ‘it is 
shown that the d- and Worms have the same susceptibilitv ’whilst 
the racemate hasa different value. In most cases the susceptibility 
of. the racemate is smaller than that of the active isomerides, but 
this is not always so. In the case of the co-ordination isomerides 
of cobalt and chromium, it is found that the susceptibility is not 
alike, but in most cases the two values are not very different. The 
greatest difference is found in the case 

fCr(NH ;i ) fi l fCo(CA) s ]x • 106 = 18*80; 
rCo(NH s y] fCr(C.iO + ) 3 l x . 10 c = 13'75. The difference observed 
between the co-ordination isomerides and the other types of isomer- 
ides is probably due to the fact that the two nucleus atoms are 
magnetically opposed to one another, the one acting diamagnetically 
and the other paramagnetically. An examination of the magnetic 
influence of the nucleus atom shows that metalammines, with a 
metal valency which is stable, in the normal salts, possess a suscepti- 
bility of the same order as the normal salts, whilst metalammines, 
with a metal valency which is unstable in the normal salts, may 
have a susceptibility very different, from that of the normal salts, 
and it may even be of the opposite sign. Measurements of the poly- 
nuclear cobalt and chromium ammines show that these compounds 
are quite normal in their magnetic relationships. The molecular 
magnetism is calculated from Pascal’s formula, A/= S/1 -|- 1 (A., 
1911, ii, 91), and the values compared with the present measure- 
ments. It is^ound that. 'both sets of values are remarkably close. 
The magnetic properties are considered in connexion with the mag- 
net-one, and it is shown that in accordance with Weiss's theory the 
magnetone number is always a whole number. J. F. S. 

A Thermoregulator with the Characteristics of the 
Beckmann Thermometer. R. B. Harvey (J. Biol. Cb.m., 1920, 

9 — 10).: — The instrument can be set easily at any temperature 
desired between —20° and (-250°. The electrical contacts are 
placed so that small temperature changes will make or break the 
Circuit. When run on test in an air-bath with a standard Beckmann 
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thermometer and vigorous stirring, the air temperature was regu- 
lated to within ±0 004°. J. C. D. 

Specific Heat ol Sulphuric Acids, Nitric Acids, and their 

Mixtures. Paul Pascal and M. Garniir (Bull. Soc. chim., 192 ^ 
[iv], 27, 8 — 18). — Using an electrical' method of heating, the 
authors have determined the specific heats of binary mixtures of 
sulphuric acid and water containing from 10 to 100% of sulphuric 
acid, of binary mixtures of nitric acid containing from 10 to 98% 
of nitric acid, of binary mixtures of nitric and sulphuric acids, and 
of ternary mixtures of nitric and sulphuric acids and water. The 
results are set out in detail, and a graph with trilinear co-ordinates 
combines the data. W. G. 

Latent Heat and Surface Energy. G. Rudorf ( Phil Mag., 
1926, [vi], 39, 238— 239).— A criticism of Hammick’s paper under 
the above title (A., 1919, ii, 389), in which it is shown that using 
more accurate values for y (surface tension), < r (molecular dia- 
meter), and L-, (internal latent heat), the values of yl'/Ja- and 7.;/G 
give results which are widely divergent in the case of argon. The 
values calculated by the author are 302 and 240 respectively, instead 
of 226 and 214 calculated by Hammick. J. F. 8. 

Critical Constants. Critical Temperature of Hydrogen 
Bromide. E. Moles (J. Chun. Phys., 1919, 17, 415 — 424). 
— A criticism of Fielding's work (compare A., 1919, ii. 45) in which 
the author supports the law of Guldberg and Gnye as to the rela- 
tionship between the absolute critical temperature and the absolute 
boiling point/ 760 mm. 

For hydrogen bromide the author finds experimentally the value 
89'80° for the critical temperature, and the value as calculated bv 
Guldberg and Guye’s rule is in reasonably close agreement with 
this. 

He further indicates that Fielding’s formula (foe. at.) for calcu- 
lating the critical pressure gives results considerably higher than 
those found by experiment in the cases of hydrogen chloride and 
hydrogen sulphide. ^ - 

Form and Regularities of the Vapour Pressure Curve. 

E. Wertheimer (Her. Deal, phytikal. Gex ., 1919, 21, 692— 70 ). 
A theoretical paper in which it is shown that the previously po- 
lished vapour-pressure formula. p + Ajt = CT» (tfirrf., 1913, - 

435), contains in itself five approximation laws dealing mm 
saturation state, namely, 1 mining's rule of constant . boiUng-po 
difference, the law of analogous state, Trouton s rule of “ 01 
heat of vaporisation, the constancy of the van der Waals im 
(/) at the critical point, and the Nernst equation for ca cu 
chemical constants. These expressions are all developed ro . 
above formula, and examined by means of a huge number » 
ously published examples. 1 1 
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Vapour Pressure Regularities. W Her? t. r, 
chm, 1919, 25, 408-409. Compare A ' 1919 F ?, 
ing to the theory of corresponding states, the’ pro^aUty 
factor a in van der Waalsa equation, lo?ir n /n = ,,fs / v' n v ” 

ff "'i S l th a e nf ti r 1 d P r Ure ’ Sfl s he CTitical '^P^ratu/e (in^b^ute 

units), and p and 7 corresponding values of pressure and temp er^ 
tore, should for all normal stances have the constant vXe 3. 
The value of a has been calculated for the elements hydrogen 
nitrogen, oxygen, mercury, argon, krypton, xenon, chlorine and 
bromine, and in most cases it is nearer 2 than 3, and is always less 
than 3. In vertical series the value increases with the atomic 
weight of the element. The value of the constant has also been 
calculated for the hydrocarbons pentane to decane, acetic and pro- 
pionic acids, a number of alkyl esters of fatty acids, and some alkyl 
chlorides, in some cases for a number of different temperatures In 
all these cases its value is close to 3. It may rise or fall with 
increasing temperature, and in most cases shows a distinct rise as 
a homologous series is ascended. Associated liquids show a greater 
value for a than similarly constituted non-associated liquids Thus 
the valua for water is greater than that for hydrogen sulphide and 
that for ammonia greater than that for phosphine. E H R 


Relative Volatilities of Refractory Materials. Wm Roy 

Mott (Trans. Amer. Electrochem. Soc.. 1918, 34, 255— 295).— Ten 
arc methods of ascertaining the relative volatilities of metals, 
carbides, oxides, nitrides, fluorides, chlorides, and sulphides are 
suggested and to some extent developed. The most rigid method 
depends on the least volatile material remaining as the residue 
when distilling mixtures. For materials boiling above the boiling 
point of iron saturated with carbon (3500°) a series of boiling points 
has been estimated on a triple basis of reference, namely, reference 
to the curves for iron for equal atomic amounts of material, frac- 
tional distillation series, and position of deposition at the negative 
arc crater. The boiling points in the series are : iron saturated with 
carbon, 3500°; silica, 3500°; palladium, 3600°; carbon, 3700°; 
alumina, 3700°; chromium carbide, 3800°; vanadium carbide, 
3900°; rhodium, 4000°; platinum, 4050°; uranium carbide, 4100°; 
ruthenium, 4150°; lanthanum oxide, 4200°; titanium carbide, 
4300°; yttrium oxide, 4300°; columbium carbide, 4300°; zirconium 
oxide, 4300°; thorium oxide, 4400°; iridium, 4400°; osmium, 
4450°; molybdenum carbide, 4500°; yttrium carbide, 4600°; 
thorium carbide, 5000°; zirconium carbide, 5100°; tantalum car- 
bide, 5500°; tungsten carbide, 6000°. Tungsten allows carbon to 
distil rapidly through its molten carbide, which probably surren- 
ders carbon vapour exactly as copper oxides surrender oxygen. The 
boiling point of tungsten is estimated at. 6000° and that of tantalum 
at 5500°. Zirconium carbide is the least volatile carbide, and is 
followed by thorium carbide. Thorium oxide is the least volatile 
oxide, whilst t.he white and yellow oxides of zirconium are nearly as 
non-volatile. The least volatile non-cratering oxide is glucinum 
oxide (b. p. 3900°), which is left as a final residue in fractional 
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distillation of its mixtures with barium oxide, strontium oxide, 
calcium oxide, magnesium oxide, silica, and alumina. From the 
crater distances at positive and negative, the boiling points of the 
more common refractory oxides are estimated as follows: barium 
oxide, 2000°; titanium oxide, below 3000°; chromium sesquioxide, 
3000°; calcium oxide. 3400°; silica, 3500°; magnesia, 3600°'; 
alumina. 3800°; and glucinum oxide, 3900°. ‘‘Smoke time” esti- 
mates of hoiling points are given for several oxides, sulphides and 
halogen salts. The figures are only roughly approximate. The 
volatility of oxides follows the increasing order : potassium, sodium, 
lithium, vanadium, boron, barium, strontium, manganese, iron, 
cobalt, nickel, chromium, titanium, silicon, calcium, magnesium, 
aluminium, erbium, cerium, neodymium, lanthanum, zirconium, 
and thorium. The characteristic oxide is intended in every case. 
Boron nitride sublimes at about 3000°. As an addendum to the 
paper is added a bibliography of work on the volatilisation of 
refractory materials, and where in these papers figures are given 
for boiling points and melting points these are recorded. A further 
addendum deals with the ratio of the melting point to the boiling 
point. These values are given for practically the whole of the 
elements, and it is shown that with the exception of the metals of 
the first group of the periodic system the ratio abs. b. p./abs. m. p.= 

<77. 1'8. F, S. 

Glass Rectifying Column especially suitable for* the 
Rectification of Licruid Mixtures and the Recovery of 
Volatile Solvents. W. Ei.sner (Chnn. Zeit., 1920, 44, 11—12).— 
The apparatus consist.-: of a glass column 50 mm. in diameter and 
filled with glass balls, the surfaces of which are ground or "tched. 
A perforated plate at the bottom of the column serves as a. support 
for the balls, am! the latter are of three sizes, the lower part of 
the column containing the largest balls, whilst the smallest halls 
form the uppermost layers. The top of the column is connected 
with a small glass dephlegmator provided with a water jacket, 
which is supplied from a constant -level reservoir, and above the 
dephlegnjator is a still-head carrying a thermometer and a side- 
tube. which is connected with a condenser. All parts of the 
apparatus are connected together bv means of ground-ill ioints^ 


Saturation Pressure, calculated from the Temperature, 
Latent Heat of Vaporisation, and theMolecular Volume of the 
liquid by means of Maxwell's Distribution of Velocities Law. 

K. K. .Tarvinen (Zeitsrh. yhysihd. Chem.. 1019, 93, 743- m.). 

A theoretical paper wherein equations are deduced by means 
which the saturation pressure may he calculated. These eq> 
have the form 

c i =e i lc=J(?W i +3RT)}af: J3RTIM-- ^(2Wil3FT) + l, 
and r = p/p„. in which z is the number of molecules which have^ 
velocity r, r„ is the mean velocity of the molecules, ? 
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saturation pressure, p d the internal pressure and irth •, , 

latent heat of vaporisation, The remaining the internal 

usual significance. The expression has hJn Cted’onTh ^ T 
stances oxygen, nitrogen, benzene, ether ivpentane Ml SUb j' 
methyl butyrate, and a fair agreement with fact otaiS"* 

J. F. S. 

Molecular Attraction. IV. K K J*rvi mitr.-, i > , , 

SSX’ZiJk&S; J ft CfSfr 

coles that »=6 and a = 55-06 . IF, . ,1 =4130 . CM*. In the 

case of polyatomic molecules, the molecular attraction is rep“ 
sented by the expressions (r - ;8r> = „«/(* j _ 

irom this equation the following expressions are deduced : ‘ ' 

and CJa.Wt = <» - 1)/3.«1/^ - jty). Ic tt " e • 
the symbols have the meaning previously applied to them, „ is the 
smaUest distance between the molecules, and v a the smallest volume • 
»=5 and ^ = 0-242, whence C'./o •lt' i =4/3 x 1-27=1-69. A number 
of substances on which the formulae have been tested give the con 
stant 1'69, aud agree most nearly with the value n = 5, J. F. S. 


Method of Calculating the Limits in Physico-chemical 
Phenomena. Maurice Pkud’iiomme (/. Chim. phys., 1919, 17 , 
377— 382).— The method previously employed for calculating the 
criticalftemperature in terms of the surface tension (compare A., 
1919, 11, 183) is shown to be applicable for calculating the density 
at absolute zero as a function of the temperature in the case of 
gases, and it is shown that, as in the case of liquids, the density at 
absolute zero is four times the critical density. The critical pressure 
may also be calculated as a function of the temperature, subject to 
a correction of 8°, the calculated value being too high. \V. G-. 

Molecular Condition of Liquids and Solutions. Ernst 
Kbobeb ( Zcitsch . physikal. Chem., 1919, 93, G41— 692).— Density 
determinations have been made at 25° of a large number of solu- 
tions of liquids in organic solvents, and of a number of solid sub- 
stances in solid solvents. The number of molecules of solvent 
replaced by one molecule of the dissolved substance in unit volume 
is calculated in each case. It is shown that the number of replaced 
molecules is approximately equal only when the dissolved substance 
belongs to a closely related group, for example, the mono-substitu- 
tion derivatives of benzene. In all other cases, different numbers 
of molecules of the solvent are replaced ; the respective figures are 
approximately in the same proportion as the molecular volumes, 
and the relationship is only slightly dependent on the nature of the 
solvent and the concentration of the dissolved substance. The 
behaviour of solutions of solids at various temperatures has been 
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investigated. The volume changes accompanying the solution of 
liquids is small, and is not specific either in the case of solvent or 
dissolved substance. In the case of solids dissolved in liquids, the 
positive volume changes are larger, and in general appear to be 
due to a change in the state of aggregation. In most cases a 
characteristic behaviour is observed, both with the solvent and the 
dissolved substance. The coefficient of compressibility and the 
coefficient of expansion run parallel with the mean atomio concen- 
tration and the reciprocal of the mean atomic volume. In homo 
logous series, the atomic concentration, corresponding with constant 
atomic volume, is nearly constant at the boiling point, and for all 
substances which contain only carbon, hydrogen, and oxygen the 
value fluctuates only between very narrow limits. It appears 
possible, from the properties of a mixture, particularly from the 
coefficient of expansion, to decide whether a contraction or an 
expansion will take place. In the very large number of cases 
examined, only three cases were exceptional to the rules formulated 
and in all probability these cases were abnormal, because of a 
chemical reaction between the components. j p § 

Viscosity Measurements. 0. Faust (Zcitsch. physikal. Ckm 
1919, 93, 758 — 761). — The influence of the diameter of the tube 
on the viscosity of liquids has been investigated in connexion with 
the method of viscosity measurements made by determining the 
time required for a bubble of air to rise through a measured length 
of the liquid. It is shown that <J = w(r 2 -r, 2 ), in which r is the 
radius of the tube, r, the radius of the air bubble, and Q the cross- 
section of the liquid between the bubble and the tube, . Since 
(r-r,) is constant and r+r,^2r, <? = 2wrxC, where C is a con- 
stant. The formula is tested with a viscid oil with tubes of various 
diameters, and the measured time compared with the calculated 
time. It is shown that, with wider tubes (18 — 24 mm.) the calcu- 
lated and observed results agree, but with narrower tubes 
(16 — 12 mm.) there is an increasing divergence with decreasing 
diameter. This is due to the fact that the error introduced by 
placing r + r 1 = 2r is greater in the case of narrow tubes than in 
the case of wider tubes. It is also shown that in the case of wider 
tubes, the time required for the ascent of the bubble is independent 
of the size of the bubble, whilst the same is almost true with 
narrower tubes. J. F. S. ' 

The Welding of Solid Powders under Pressure. Toni yon 
Hagen ( Zeitsch . Elektrochem., 1919, 25, 375 — 386). — An extensive 
series of experiments is described on the cohesive properties of pure 
powdered inorganic substances under pressure. The substances ex- 
amined include the oxides, sulphides, sulphates, halogenides, 
nitrates, and carbonates of many metals, including both anhydrous 
and hydrated forms of the salts. Fine-grained particles were found 
to cohere (setter than coarser, and for most experiments the sub- 
stance was ground to pass a sieve of 25 meshes per sq, min. The 
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powder was subjected, for most experiments , ... 

560 kilos, per sq. cm. in a screw press and the tahlet f P “ re of 
examined by inspection, and, where possible bv 8 fo ™ ed « ere 
hardness or crushing strength. The’ £££ ‘“thltt 
cohesion gave tablets which appeared homogeneous T„ S e ,, best 
were the halogemdes of the alkali metals and ril ' A ““ n g tlle9e 
calcium chloride The next class gave Ublels wit.hlmoolh S^ 
and pulverulent bodies, this class including the hvdr.l.u u 7 
of abimimum, zinc cobalt, and sodium, mafy nitrate and sulphite 
and the oxides of lead. Most of the oxides <rav* b ! ’ 

of bw crushing strength, whilst the anhydrous su phate cf 
potassium, calcium, strontium barium, and lead, and the carbonate 
o cadmium, barium, and lead showed no cohesion at all Gener 
ally, substances of very high melting point and very hard sul 
stances show little cohesion. A cohesive substance mixed with a 
lion-cohesive substance improves the binding properties of the latter 
but quantitative experiments on the hardness of mixed tablets 
showed that this was not proportional to the composition. In the 
case of cohesive substances, increasing pressure increases the density 
of the tablet rapidly at first, then slowly as the maximum is 
approached. The maximum may rise to the true density of the 
crystalline substance, as m the case of gypsum, or it may ipproach 
very nearly to this value, as with sodium and potassium chlorides. 

The experiments show that there is a close relation between the 
crystalline form of a substance and its behaviour under pressure 
Those substances which give the most homogeneous bodies under 
pressure are those which have plastic crystals, that is, the crystals 
of which contain glide-planes and are deformable without iosing 
their structure. The above substances, which give, under high 
pressure, tablets having almost the maximum possible density, have 
been shown to have plastic crystals. On the other hand, the 
crystals of such substances as quartz and barium sulphate show no 
ti ace of plasticity , and their powders show no cohesive properties. 
[See also J. tSoc. (them. Ind., 1920, 189a.] E. H. R. 


Absorption of Gases by Charcoal. I, Variations due to 
Heat Treatment, Pre-equilibrium Effects. Harvey B. Lemon 

(Physical Rev ., 1919, 14, 281 — 292). — The rate at which coconut- 
shell charcoal absorbs air. and the total amount it can absorb, may 
be widely varied by varying the heat treatment. This paper con- 
siders the case in which the mass of air used is less than that 
required for saturation. Increase in activation is produced by 
repeated exhaustions at 650°, each exhaustion being followed by an 
absorption of air at the temperature of liquid air. Decrease in 
activation results if a temperature of 800 — 900° is used. Two 
hypotheses to account for this, ( 1 ) the clogging of the pores by 
heavy hydrocarbons, reinuved by flushing out with gas, and ( 2 ) the 
alteration in the fineness of the carbon from the point of view of 
a saturated solution of carbon in liquid gas, are discussed, but found 
inconclusive, particularly inasmuch as removal of the heavy hydro- 
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carbons by light petroleum, alcohol, and acetone causes loss is 
efficiency. Chemical Abstracts 

Absorption of the so-called Surface Active Substances by 
Various Absorbents. Leo.nok Michaelis and Peter |{ 0 ^ 
{Kolloid Zeitsch., 1919, 25, 22S — 229) .—Comparative absorption 
experiments have been carried out with charcoal, kaolin, osmosil 
(a commercial silicic acid preparation), talc, amorphous silicon 
lerric hydroxide, freshly precipitated manganese dioxide, calomel, 
barium sulphate, and calcium carbonate as absorbents for acetone 
tributyrin, heptyl alcohol, and octyl alcohol. It is shown that 
no carbon-free absorbent has a power of absorption that even 
approaches the absorptive power ot charcoal for surface active non- 
electrolyte substances. In most cases there is no absorption, in 
others only the merest trace of absorption takes place. Talc comes 
next to charcoal in its absorption of these substances. J. F. g, 


Osmosis and Diffusion of Ions through a Polarised 
Septum. Physical Methods for the Study of Cellular 

Nutrition. Pierre Girard (J. Chim. I'hys., 1919, 17,383 — 408). 

A resume of work already published (compare A., 1908, ii, 456; 
1909, ii, 463, 537; 1911, ii, 860; 1914, ii, 718; 1919, i, 419, 461) and 
a reply to Hamburger (compare A., 1917, ii, 562). W. G. 

Theory of Solution and Suspension. Kichard Zsigkosw 
(Kolloid Zeitsch., 1920, 26, 1—10).— A theoretical paper in which 
the significance ' of the terms ' solution '' and “ suspension ’’ is 
discussed at length. J. F. S. 


Physical Chemical Analysis of Metallic Oxide Sols. 

Wolfgang Pauli ( Kolloid Zutsch., 1920, 26, 20 — 23). — Polemical. 
An answer to Zsigmondy's theory of solutions and suspensions (pre- 
ceding abstract), which is based on the work of Pauli and Matula 
(A., 1917, ii, 563). J. F. S. 


Nomenclature of Colloids . G. W einsenberger ( Kolloid 
Zeitsch., 1919, 25, 230). — The author points out that the term 
■ ' gel " is applied both to jellies and to the products ol coagulation, 
lie suggests that the term gel should be retained and used only in 
connexion with jellies, and that the products of coagulation should 
be termed coarjels, thereby implying that they belong to the group 
ol coarse, disperse colloids. J. ^ 


R61e of Valency in Coagulation by Electrolytes, particu- 
larly in the Case of the Suspensoids. Wolfgang Osrwit 
(Kdloul Zeitsch., 1920, 26, 28-39).— A theoretical paper in 
the various views put forward in connexion with the part Pjp 
by the valency of the electrolyte ions in the coagulation of w 
is critically discussed. 
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Coagulation of Clay and the Protective Effort v ■ 
Acid. Sven Oden (7 Land,,,, 1919, 67, W-SOsfjl? j£SS 
review is given of previous work on clay susueurinrV „ T 

their aggregation sedimentation, dis.ntegration, dwelling vain? and 
nature of individual particles. Experiment, were nfade by the 
author with suspensions of two clays of different character purified 
by dialysis and diluted w.th conductivity water to about 1* 
strength Varying amounts of colloidal humic arid were added to 
1° co. of each suspension, and the effect on coagulation noted Tt 
was found that the minimum amount required to produce a pro- 
festive effect on the addition of ammonium nitrate solution as 
coagulant was 0 065 nig. in one ease and 014 m<r in the other 
On varying the coagulant, it was found that much larger amounts 
of humic acid were required to prevent coagulation with barium 
nitrate and roesium chlor.de than with ammonium nitrate and 
lithium chloride. The author concludes that the protective effect 
of humic acid is of the same order as that of other colloids but 
that it is greatly affected by the electrolyte concentration, owine 
to the extreme sensitiveness of colloidal humic acid to electrolytes 
The effect appears to be specific for different clays and electrolytes 
so that a proper explanation of the effect is still uncertain. It is 
clear, however, that it depends on au absorption of the protective 
substance by the particles to be protected. J H J 


Non-, Uni-, and Bi variant Equilibria. XIX. F. A H 

Schhei me makers (Prnr. K. AM. It' etensch. Amsterdam 1920 
22, 318—322. Compare A., 1917. ii, 454).— A further theoretical’ 
paper dealing with the conditions of equilibrium in non-variant, 
uni-variant, and bi-variant systems. The present paper deals with 
the equilibria of n components in n - f 1 phases. J. F. S. 


Characteristic Case of Rhythmic Crystal Arrangement. 

M. Hofsass (Zcitsch. phjtxikal. Client., 1919. 93. 754— 757). -A 
few drops of the A /10-sodium hydroxide which had been used to 
absorb the carbon dioxide produced in the combustion of artificial 
graphite was allowed to evaporate on a microscope slide. The 
crystals formed, when magnified 500 times, showed a striking 
rhythmic, concentric arrangement. Each series of rings commences 
from a crystal nucleus, around which circles of crystals 0‘002 mm. 
apart are formed. Tn all other cases of combustion of coal, lignite, 
and wood, the crystals produced from the sodium hydroxide wash- 
bottle exhibited the usual dendritic forms. J. F. S. 


The Rate of Decomposition of Malonic Acid. Cyril 

Norman Hinshedwood (T.. 1920, 117, 156—165). 

Mechanism of the Addition of Hydrogen to Unsaturated 
Glycerides in the Presence of Finely Divided Nickel. 

N. Thomas (J. Soc. Chem. Inrf 1920, 39, 10 — ISt). — The rate of 
hydrogenation of olive oil (iodine value, 86) by means of hydrogen 

vol. cxvm. ii. . 6 



ii. 170 


ABSTRACTS OF CHEMICAL PAPERS. 


in the presence of finely divided nickel has been determined at 120° 
150°, and 180°. As the olive oil contained 7% of linolin^ equations 
are deduced for the rate of addition of hydrogen by mixtures of 
unsaturated glycerides. The reaction between pure hydrogen at con- 
stant pressure and a single unsaturated glyceride takes place accord- 
ing to the equation for reactions of the first order. The more 
highly unsaturated glyceride linolin absorbs hydrogen very much 
faster than olein. The role played by the catalyst is discussed from 
the results of experiments on the influence of pressure of hydrogen 
and of temperature on the velocity of reaction. It is found that 
the rate of saturation of olein (with three double bonds) is pro- 
portional to pi, where f is the pressure of hydrogen. This is i n 
keeping with the view that hydrogen becomes active through its 
absorption by the catalyst, with a dissociation of the hydrogen 
molecules into atoms. The temperature-coefficient of the velocity 
constant is small; an increase of 10° in temperature over the range 
120—180° increases the velocity 113 times. This suggests a photo- 
chemical reaction, the molecules of olein being^ brought into an 
active condition by absorption of infra-red radiation emitted by 
the catalyst. The mode of action of gaseous catalyst poisons is 
illustrated and discussed. Such action may be a purely physical 
one, or it may be chemical in the sense that the poison is capable 
of reacting either with or in the presence of the catalyst. 

J. F. S. 


\ 


a 


Hydrolysis ol Esters of Polyhydric Alcohols. Ehchi 
Yamazaki (■/. Tokyo Ohem. Son., 1919, 40. 498 — 514). — Denoting 
the five mono-, di-, and tri-acetins by 

(,t) OAc-CH,-CH(OAc)-CH„-OAc, 

(B) OAc-Cn.,-CH(OH)-Cn,-OAc, (C) OH-CHj-CH(OAc)-CH,'OAc, 
ID) On-CH.‘-CH(OH)-CH.'-OAc, and 

- (E) OH-CH.*CH(OAc)-CH,-OH, 

glycerol ( G ) is obtained from triacetin 

C . D by hydrolysis along the following 

routes (annexed formula). 

This apparently complicated system 
of hydrolysis of triacetin can he studied 
in a’simple manner, since all esters con- 

73 E taining R-CO-O have approximately 

the same constant of velocity of hydro 
Ivds. which is independent of the position of the acid group in the 
polyhydric alcohol. The constants of velocity of hydrolysis of In- 
to di-acetin (A, = 0-00638) and of di- to mono-acetm (*s; 
bv hydrochloric acid, calculated from Geitel s data (A., ■ '< 

ii) 547; 1898. ii, 330), are compared with the velocity consta 
(A*5=0'002213) for monoacetin -A- glycerol. Assuming that e 
acetoxv-group is hydrolysed at the same Tate, >/ jj j. 
U - *)■' The . f " ll, ’ win « .... e<1Uftti ™ S Co( , ”-«)£“ and - 

of "the three acetins and of 


/ 


\ 


/ 




c Vi =» ; c Mj “ 3c 0 (l 

c 0 (\ - s Kl Y, where the concentrations 
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glycerol are denoted by c with suffixes M if M anrl if 
respectively. If free acetic acid is denoted by\ then ’ ‘ 

c a ** 4- 2c Jfi -f 3c tf4 = 3c 0 (l - e~ *¥*, 

A satisfactory agreement is recorded between the calculated and 
the observed values of Cj at any instant. Chsmicai Abstracts 

.Jo he rivf C |°7 rS l? 1 S? “r ati °fv * < mL S°°- chirn. , 
920, [iv] 27 19_33).~U S mg the method previously described 

(compare A., 1914, u 2a6), the author has studied the rate of 
diazotisation of a number ot amines. The reaction has been pro- 
viousiy shown to be biraoieetdar. Doubling the acidity of the 
solution does not modify the process of diazotisation in the case of 
aniline. The diazotisation of sulphanilic acid is much more rapid 
when the concentration of the reacting solutions is increased and 
it is favoured by an excess of sodium nitrite. The stability of a 
diazo-compound with respect to time and temperature may he 
studied by this method. q 


Colour Change of Congo-ruhin under the Influence of 
Reactions and Neutral Salt Action. Heinrich Lorrs (KoVoid 
Zeitsch., 1920, 26 , 15 20). — The time required by solutions of 
congo-rubin (0*01%) to change from red to the intermediate colour 
between red and blue in the presence of hydrogen ions of various 
concentrations and in the presence of neutral salts has been deter- 
mined. It is shown that with H* = 5-5xl0~ 5 the change is 
instantaneous, but with decreasing hydrogen-ion concentration the 
time increases rapidly until, with the value H* =--6'8 x 10-« it is 
practically infinite. In the presence of a neutral salt (KC1) very 
small hydrogen-ion concentrations cause the change to take place 
very rapidly. The presence of large quantities of neutral salts 
increases the activity of the indicator toward hydrogen ion3 about 
seventy times. In the presence of hydroxyl ions, neutral salts 
decrease the activity of the indicator until, with OH'^IO" 2 , it no 
longer undergoes the colour change. These changes are explained 
by a change in the condition of solvation of the indicator brought 
about by the electrolyte. J. F. S. 


Catalysis. Matheus d’ Andrade Albuquerque ( Revista chim. 
pura applic 1918, 3 , reprint 22 pp.). — After reviewing the 
theories which have been formulated on the subject of catalysis, 
thp author advances the view that catalysis is due to the formation 
of intermediate compounds (“catalides”) as a result of residual 
affinity. This does not apply to cases where the intermediate com- 
pound is a salt, or to catalysis by solvents, finely divided (colloidal) 
metals, or organic ferments. W, R. S. 

Whole Number Isotopes and Allied Phenomena. F. H. 

LoRiNG-(CAm. iVerc*, 1920, 120, 73—77),— A theoretical paper in 
which the experimental evidence supporting the idea of whole 
number isotopes is given, together with the spectroscopic examin- 

6 * 
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atioii of isotopes. The photoeleotrio effect in its connexion with 
isotopes is discussed, as well as the cyclic evolution of elements and 
isotopes. ' A table is given in the paper indicating the percentao e 
of higher mass isotopes of the commoner elements. The whole 
discussion tends to show that the whole number isotopes are a 
reality, and that the isotopic proportions -may modify the electrical 
properties of the elements. J. F. S, 

Deduction of the Chemical Constants of Polyatomic Gases 
from Planck's Theory of Probability. Leon Schames (Physikal. 

Zeitsch., 1920, 21, 38— 39).— A mathematical paper in which a 
method of deducing the chemical constants of tri- and tetra-atomic 
gases is deduced. The results are compared with those deduced by 
Sackur (A., 1913, ii, 128) and Tetrode (Proc. K. Akad. Wetensch. 
Amsterdam, 1915, 17, 1167). J. F. S. 

Chemical Constants ; Moment of Inertia of the Molecule 
and the Quantum Theory of Gases. Lfcos Schames ( Physikal , 

Zeitsch., 1920, 21, 39 — 42. Compare preceding abstract) —The 
chemical constant i t and the moment of inertia P. 10«= typyj 
have been calculated by means of the equations previously deve- 
loped (loc. cit.) for oxygen, carbon monoxide, nitrogen, carbon 
dioxide, and water. The following values for the moment of inertia 
are obtained: oxygen, 312 ; carbon monoxide, 10'07 ; nitrogen, 
9'91; carbon dioxide, 5 S0; and water, 1'365. The results are com- 
pared with the values of other investigators, particularly those of 
Langen (A., 1919, ii, 183), and found to be in very good agreement. 

3. F, S. 

A Cheap and Simple Microbalance. J. H. Shaxby (Pm. 
Physical Soc. London, 1919, 32, 21).— A balance for loads from 
5 mg. to 5 deg., depending on the depression of a stretched 
thread, is described. J- P- 

Condensers. Fritz Friedrichs (Zeitsch. angew. Chem., 1920, 
33, 29—32). — A critical discussion of the various forms of labora- 
tory condensers which have been' described in literature from the 
time of Liebig onwards. As regards efficiency, the screw-shaptd 
condensing tube, with five " threads and provided with an interna 
cooling jacket, gives the best results. This form of condenser is 
more suitable for use as a reflux apparatus than is the spiral for • 

VV. P. b. 



inorganic chemistry. 


ii. 173 


Inorganic Chemistry. 


Oxidation o£ Sulphurous Acid by Ferric Salts. Julius 
MeysB (Ber., 1920, 53, [B\, 77— 78).— In Ilouben’s recent method 
for the estimation of ferrous and ferric iron together in acid solu- 
tions, the assumption is made that when a ferric salt is reduced by 
sulphur dioxide the increased acidity corresponds with two-thirds 
of the acid in combination with the ferric iron, according to the 
equation 2FeCl 3 +S0 2 + 2H 2 0=FeS0 i +FeCl s +4HCl (this vol., 
ii, 56). It is now stated that the reduction of a ferric salt most 
probably proceeds in stages; thus, first, a red ferric ferrisulphite, 
J?e|Fe(SOj)j], is farmed, which slowly changes in the cold, more 
quickly on warming, into the ferrous salt, not, however, with the 
production of sulphuric acid, but dithionic acid, thus: 
Fe[Fe(S0 3 ) s ] = FeS 2 0 6 + FeS0.j. Before any increase in the acidity 
can take place, therefore, the ditbionate must be decomposed, thus : 
FeSj0 6 + H 20 = FeS0 4 + H l2 S0 3 , and it is not quite certain whether 
this is completed even by vigorous boiling. J. C. W. 

The Advantages of the Synthesis of Ammonia at Very 
High Pressures. Geokuks Olaudk (Compt- raid., 1920, 170, 
174 — 177. Compare this vol., ii, 30). — Whereas it is necessary by 
the German method, working at a pressure of 200 atmos., to pass 
the reacting gases over the catalyst a considerable number of times, 
with removal of the ammonia after each passage, it is only neces- 
sary to do this three times at a pressure of 1000 atmos. Other 
advantages of working at the higher pressure oil an industrial scale 
are claimed. [See, further, J. Hoc. Chetn. bid., 1920, 187a.] 

W. G. 

Formation of Free Hydrogen in the Reversed Ammonia 
Flame. Fkieduich O. G. Mullek ( Zcitsch . angeio. Chem., 1920, 
33, 24). — The author finds that the products of combustion of 
ammonia in oxygen contain hydrogen aud nitrogen ii 1 the ratio 2 : 3 
by volume. Since the result is unaltered by cooling the flame with 
cold water (Raschig, A., 1919, ii, 148), it cannot be due to dissocia- 
tion of ammonia. On the other hand, Raschig s assumption that 
the equation 2N tl 3 -[ 0 2 = N,H, -t- 2H..0 represents the first stage of 
theS reaction, followed by instantaneous dissociation of N 2 H 2 and 
partial combustion of the hydrogen, does not account for the con- 
stancy of the proportion of hydrogen produced. J. K. 

The Velocity ol Oxidation of Nitric Oxide. Eireta 
Wodbtzel (fjompt. rend., 1920, 170, 229— 231).— The oxidation 
of nitric oxide takes place according to the equation of a reaction 
of the third order, thus : - dp^jdt = i(p N o) 2 Po, 

The action does not undergo any marked modification when half 
the nitric oxide is oxidised; consequently, the exclusive and rapid 

6*— 2 
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formation of nitrites or of nitrosvl sulphate observed, when the 
gaseous products formed at the commencement of the reaction are 
treated with alkali or sulphuric acid, must be due to particular 
conditions of absorption and not of oxidation of the nitric oxide. 
Nitrogen trioxide, the formation of which has previously been 
proved (compare next abstract), is an ulterior product of the action 
and not its intermediate product. The velocity of this oxidation 
diminishes with rise in temperature. W. G. 

The Existence of Nitrogen Trioxide in the Gaseous State, 

Eugene Wouhtzel (C’ompt. rend., 1920, 170, 109 — 111. Compare 
this vol., ii, 108).— By measuring the contraction produced when 
known quantities of nitric oxide and oxygen are mixed, the nitric 
oxide being in excess, the authors have shown that under a total 
pressure of about one-quarter of an atmosphere an almost stoicheio- 
metric mixture of nitric oxide and nitrogen peroxide contains about 
2 '5% of nitrogen trioxide. W. G, 

Direct Formation of Carbon Monoxide by Burning 
Carbon in Pure Oxygen. Friedrich 0. G. MOllkk ( Zeitsch. 
anyew. Client., 1920, 33, 36). — If pure oxygen is passed downwards 
through a vertical quartz tube, ‘25 cm. in length and not more than 
13 mm. in diameter, filled with pieces of wood charcoal of the size 
of linseed, the gas leaving the lower end of the tube will contain 
85% of carbon monoxide. The upper part of the charcoal must be 
heated by a burner before the oxygen is admitted, and it is essen- 
tial that the combustion is allowed to proceed under reduced pres- 
sure. This is attaiued by connecting the lower eud of the tube 
with a vessel Idled with water and opening the Up of the oxygen 
reservoir so that water Hows from the lower vessel at the rate of 
2 litres per minute. W. P. S. 


A Reaction of Potassium Anhydrotellurate. P. Hulot 
(Hull. Soc. chim., 1920, [iv], 27, 33). — If tellurous acid or alkali 
tellurites are brought to complete fusion with potassium nitrate, 
and the mass after cooling is extracted with water, potassium an- 
hydrotellurate, K.,Te 4 0 13 , is left behind as a powder, which is 
insoluble in water or acids. If this powder is suspended in dilute 
hydrochloric acid and a few pieces of zinc are added, the salt 
gradually disappears and a black pulverulent powder, which is pure 
tellurium, is left behind. W. G- 


Application of the Reduction of Potassium Anhydro 
tellurate by Zinc to the Treatment of Tetradymite and to 
the Estimation of Tellurium in this Mineral. Pierre Htww 
(Bull. Soc. chim., 1920, [ivj, 27, 100-101. Compare preceding 
abstract). — The tetradymite is first treated with dilute hydroc on 
acid to remove the calcareous gangue. The powdered matena 
then dissolved in hot concentrated nitric acid, the solution « . 
evaporated to dryness and the residue fused with twice 
of potassium nitrate. The resulting mass contains po a- 
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sulphate and Senate bismuth oxide, and potassium anhydro- 
tellurate. the sulphate and selenate are removed with boilinc 
water, and the residue is digested with dilute hydrochloric acid 
whereby the bismuth oxide is dissolved out. The residue after 
washing with dilute hydrochloric acid, is suspended in the same 
acid and some zinc is added. The whole of the tellurium is 
deposited in a pure state, and may he collected, dried, and weighed 
after the whole of the zinc has dissolved. tjj g 


Reversible Oxidation of Sodium Nitrite. C. Matigxon 
and E. Monnet ( Compt . rend., 1920, 170, 180-182).— Sodium 
nitrite, when heated in an atmosphere of oxygen at a pressure of 
175 atmos. and at a temperature gradually rising from 395° to 
530° during nine hours, is almost completely oxidised to sodium 
nitrate, the heat of formation of the nitrate being given by 

2h T aN0 2 sol. + 0 2 gas = 2NaNO s sol. + 45 Cal. 

The reaction is too slow to be of practical use. 

Calcium nitrite may similarly he converted into calcium nitrate 

W. G. 


Some Properties of Sodium Nitrite. C. Matigxoh and 
(Mu.*.) G. Mauchal (Compt. rend., 1920, 170, 232— 233),— The 
authors find for the m. p. of sodium nitrite 276'9° (corr.). Its 
heat of solution is expressed by NaNO, sol. + Aq » NnN'O., diss. 
-3'52CaI. Its heat of decomposition in aqueous solution by dilute 
sulphuric acid is given by 

SNaNOj diss, + H 2 SO, diss. = Na { S0 4 diss. + 2HN0 3 diss. + 2 x 4'G Cal. 
From this equation and known data they deduce 

HNO, dies. + NaOII diss. = NaNO, diss. + H,0 + llT Cal. 
and 

N gas + 0.j gas + Na sol. = NaN0 3 sol. + 8$'52 Cal. 

Nitrous acid resembles nitric acid in its hehaviour towards the 
following indicators: plienolphthalein, cochineal, litmus, p-nitro- 
phenol, brazilin, and iodoeosin, but decomposes others, like 
helianthin. 

Aqueous sodium nitrite is not oxidised at 100° by prolonged 
contact with oxygen under a pressure of 50 — 55 atmos.. even in 
the presence of a catalyst. TV. G. 

Ammonium Silicate. III. Robert Schwarz and Richard 
Sooard ( Ber ., 1920, 53, [B], 1—17, Compare A., 1917, ii, 31; 
1919, ii, 283).— The authors have studied the electrical conductivi- 
ties of solutions of dioxodisiloxane, monosilane, and silicic acid 
obtained from pure and technical sodium silicate, silicon tetra- 
chloride, and tetrafluoride in ammonia, in order to determine 
whether there are any indications of the existence of ammonium 
silicate or of different molecular complexity in silicic acid of various 
origins. The increment of the conductivity of ammonia solutions 
suggests that salt formation does take place, just as the lowering 
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of tile conductivity of sodium hydroxide by silicic acid points to the 
same conclusion. The dialysis of the preparations and the 
technique of the measurements are described. 

It was soon found that the percentage of water in the prepara- 
tion had a great influence on the conductivity, partly due to the 
different rates at which the silicic acid entered real solution. I n 
order to eliminate this factor, or to follow it more closely, the 
solutions were filtered through an ultra-filter after determining the 
conductivity, and the amount of silica estimated. The quotient, 
increment of conductivity /dissolved Si0 2 , therefore 

affords a cluo to the molecular complexity of the silicic acid. The 
experiments show that a decrease in the proportion of water in 
the dioxodisiloxane or silicic acid preparation is accompanied by 
a fall in the value Q, not, however, gradually, hut apparently in 
three stages. .In the ease of dioxodisiloxane, the value Q is about 
75 when the material contains about 4-5% of water, about 50 if the 
proportion of water is 2%, even though the silicic acid may imbibe 
more water on keeping, and about 25 if the preparation is almost 
dry. Similarly with the various silicic acid preparations; no 
matter what their origin, the nearly dry specimens give a value of 
about 25, and those rich in water about 75. After ignition, how- 
ever, silica causes no increment in the conductivity of ammonia 
solutions. The different values of 0 suggest, therefore, that the 
dissolved silicic acid exists in three forms, of molecular weights in 
the ratio 1:2:3. The simplest forms arp derived from dioxcdi- 
siloxane or monosilanp, the direct hydrolysis of the latter in 
ammonia solutions being the most satisfactory way of preparing 
ammonium silicate solutions. «T. C. TV. 

Silver Peroxide and the Valency of Silver. H C. P. 

Weber (Trans. Amer. Electrorjiem . Snr., 1017 , 32 , 391 — 404).— 
A number of experiments are described which were designed for 
the preparation of salts of silver in which the metal has a valency 
greater than unity. Except in the case of the pernxv-nitrate, the 
results were negative. This comnound. ?Ag.,0_,,AgN0,. is formed 
on the anode during the electrolysis of silver nitrate, hut if 15— 25" 
of nitric acid is added to the solution there is no deposit, but > 
brown solution is formed. This solution, on examination, is fount! 
to contain both negative and positive silver containing ions. Tne 
valency of the silver in the oxide portion of this salt is discussed. 
Two formulae are put forward for the oxide part pf the salt. 
Ag,AgO t (analogous to red load) or Ag(AgO.V, (analogous to mag- 
netic "iron oxide). The transference experiments sho'.jl that one- 
third of the silver is cathodic and bivalent and two-thirds anowr 
and tervalent, which leads to the formula Ag(Af 0 2 )». 1 

indicates that the oxide portion of the peroxy-nitrate i s the sn"c r 
salt of an unstable argentic add, HAgO.,. J- * - 

Lead Borates. H. V. Thompson (Trans. Engl. ( !«>«■ Sf 
1918-1919, 18 , 510— 511).— The white precipitate formed by 
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ing eold concentrated solutions of lead nitrate and borax is of in- 
definite composition, and does not necessarily consist of lead meta- 
borate, Pb(B0 e )»,H,,0, as stated by Rose (Ann. Phyg Chem 1833 
29 , 455). The precipitate formed by adding an excess of a solution 
of borax to a solution of a lead salt consists of lead metaborate, and 
not the polyborate, 2Pb0,3B 2 0 s ,4H 2 0, as stated by Soubeiran (J 
Pham. Ohim 1825, 11 , 31). 

On boiling the metaborate with an excess of boric acid solution, 
no definite chemical compound is formed, in contradiction to Abegg 
("Handb. anorg. Chem.,’’ 1909, 3, ii), who states that the com- 
pound Pb 0 , 2 B 2 03 , 4 H 2 0 is produced. 

The author confirms a statement by Le Chatelier (Bull. Soc. 
chim., 1899, [iii], 21 , 35) that the compound Pb0,3B 2 0 3 is formed 
on fusing boric acid and lead carbonate and extracting the mass 
with water to remove boric acid. [See also J. Soc. Chem. lnd. 
1920, March.] " A. B. S. 


Behaviour of Cerium Carbide towards Nitrogen. Fa. 

Fichteh and Chr. Scholl y (Helv. Chim. Acta, 1920, 3, 164—172). 
—The requisite finely divided cerium carbide is prepared by beab 
ing a mixture of cerium dioxide (1 mol.) and carbon (6 atoms) in 
a graphite tube in an electric vacuum-oven at 1600°. Tt is found 
that this material, in spite of its apparent similarity to calcium 
carbide, does not yield any compound with nitrogen at 1250° which 
contains both carbon and nitrogen, but that the carbon is replaced 
by nitrogen, with the formation of cerium nitride. The possi- 
bility of the formation of cyanides and cyanamides from carbides 
appears to exist solely in the groups of the alkali and alkaline 
earth metals, and not in that of the earthy metals; it does not 
depend on the type of the carbide, but on the nature of the metal. 
Cerium carbide also reacts with ammonia at 1250°, yielding the 
nitride, but the action is slower and less complete than when 
nitrogen is used. H. W. 


Some Complex Compounds of Mineral Chemistry. G. 

Ubbain (Bvll. Soc. clnm., 1920, [iv], 27 . 81— 94).— A lecture 
delivered before the French Chemical Society \V. G. 

Constitution of Ultramarine. Lackesz Bock (Zeitsch. 
mgew. Chem., 1920, 33 , 23 — 24. Compare A., 1915, ii, 460; 1917, 
ii, 475). — Experiments on the action of ammouiacal silver chloride 
solution on artificial ultramarines are described. It is concluded 
that the blue rich in silica and sulphur, and based on the formula 
Al 2 0 2 ,3Si0 2 , is a definite chemical compound containing sodium, 
sulphur, aluminium, and silica in definite proportions; the same is 
true of the blue poor in silica but rich in sulphur. Further, the 
ultramarines are analogously constituted to the aluminium silicates. 
A table is given showing the known ultramarines and their 
relationship to natural and artificial silicates. J. K, 
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Equilibrium in Blast Furnace Reactions. Ernst Tp.p.h!, 

and Aurel Pongracz ( Zeitsch . Eleklrochem.jJLSlS, 25, 386 — 107). 
— The equilibrium of the reaction Fe + CO» — FeO + CO has been 
studied by a number of different observers, whose results show 
considerable divergencies. A fresh investigation has therefore been 
made on rather different experimental lines from those used 
hitherto. The reaction was studied from both sides, starting on 
the one hand from pure iron (iron wire or ferrum limatum) and 
carbon dioxide, and on the other from oxidised iron (prepared by 
oxidising pure iron with carbon dioxide) and carbon monoxide. 
The reaction was carried out in a pear-shaped glass vessel, which 
could be heated to any desired temperature in an electric furnace. 
For a full description of the special apparatus used, which embodied 
many devices for convenience and greater accuracy, the original 
must be consulted. 

The usual procedure in studying such reactions as the one under 
consideration is to allow the reacting substances to remain in con- 
tact at the particular temperature until equilibrium is reached, 
and then to analyse the products. This method was used by Banr 
and Glaessner (A., 1903, ii, 423), who plotted the composition of 
the gases at the end of the reaction against the temperature and 
obtained two distinct curves, the one obtained from the starting 
materials, iron and carbon dioxide, having a well-marked minimum, 
and the other, from ferroso-ferric oxide and carbon monoxide, 
showing an equally prominent maximum. The present authors 
allowed the reaction to proceed for a definite time at each par- 
ticular temperature, and at the end of this time the gases were 
analysed. The reaction was studied over the temperature range 
550° to 950°. The results are plotted in the form of four curves, 
two showing the composition of the gas mixture after seven hours, 
starting from either side of the equation, the other two after 
sixteen' hours. Each curve is a straight line, the proportion of 


carbon monoxide in the mixed gases increasing steadily with the 
temperature. All four curves converge towards a point at about 
950° with about 75°(, of carbon monoxide, showing that in seven 
hours equilibrium is already attained at this temperature. The 
two sixteen-hour curves lie between the seven -hour curves, quite 
close together, and converge at about 810°. showing that at this 
temperature equilibrium is reached in sixteen hours. The true 
equilibrium curve evidently lies about midway between the two 
sixteen-hour curves. Contrary to the results of Bans and 
Glaessner, the same equilibrium point is reached from either side 
of the equation, and the curve shows no maximum or minimum. 
These results are in agreement with those obtained by Schenck am 
his co-workers (A.. 1903, ii. 423; 1905. ii, 526; 1907, u, ) an 


by Levin (A . 1912, ii. 1176). , , 

Very careful experiments showed that the composition o ^ 
gas phase at equilibrium depends on the quantity o 0 s ° 
phase present, the proportion of carbon monoxide- increasing 
increasing amounts of iron. This can be explained on e a. 
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fcion that the ferrous oxide phase is a solid solution of two com- 
ponents. A method for analysing the solid phase was devised, and 
it was shown that this always contained ferric iron. The propor- 
tion of ferrous to ferric oxide never corresponded with the com- 
position Fej0 4 . It was also shown that no other constituent was 
present in the solid phase. The fall in pressure always observed 
when carbon dioxide and iron are first heated together is due, not 
to any chemical reaction, hut to ahsorption of the gas by the metal. 
[See also J. Soc. Chem. Ind., 1920, 193a.] " E. H. R. 

Behaviour of Iron in Contact with Sulphuric Acid. C. E. 

Fawsitt and A. A. Pain (J. Proc. Rot/. Soc. X.S. Wales, 1918, 52, 
3%_-405). — Differences in electrochemical behaviour show that no 
real similarity exists between iron which is slowly dissolving in 
concentrated sulphuric acid and iron rendered “passive” by dip- 
ping into nitric acid. The slowing down or cessation of the reaction 
is due apparently to the formation of a form of ferrous sulphate 
monohydrate on the surface of the iron. Although, generally speak- 
ing, increased dilution of the acid with water results in greater 
reactivity, certain anomalies were observed in this respect, notably 
that 89'3% acid has considerably less solvent action than either 
weaker or stronger acid of 94%, 90 9%, 87’9%, or 85% strength. 
The solvent effect is in all cases noticeably increased by shaking the 
containing vessel. G. F. M. 


The Critical Points of Self-hardening Steels. P. Pejban 
(Compt. rend., 1919, 169 , 1043— 1045).— It has previously been 
shown (A., 19H, ii, 477) that there is a distinct discontinuity 
between the formation of perlite or troostite and martensite, the 
critical point corresponding with the formation of the former being 
"A ” and of the latter “ 11." It is now noted from a study of the 
cooling curves of a nickel-chrome-copper steel, which, starting from 
different initial temperatures, was cooled from 700° to 100° in about 
one hundred and fifty minutes, that the formation of ^martensite 
apparently occurs in two stages denoted by critical points an 
B 9 . The point A is indicated only when the critical temperature ot 
cooling is 790°. When this temperature rises to 800°, A is con- 
siderably suppressed and the critical point B, appears at about 
420°. If the steel is cooled from 850° the second point B 2 occurs 
at about 230°, and if cooled from still higher temperatures Bj dis- 
appears and the point /t> exists alone. If only the pom is m 
evidence during cooling the steel is relatively soft, but becomes 
harder when R, predominates and still harder when B, appears. 
It is concluded that for the steel studied the maximum hardness •“ 
reached in at least two stages, and that for the same steel there 
may be several martensitic forms. ‘ 

The Formula of Chromium Hydroxide. Mn* Z. 

JoviTSCHiTSCH(He!r.Cfc»m.Ac(a,1920, 3, 46— 49). 6 . 

of chromium hydroxide in ammonia and the prepara . o , 
solutions of complex salts which invariably contain 1 5 ( P 

r 6** 
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A., 1913, ii, 223) leads the author to assign the formula 
Cr 4 (OH) 8 O 2 ,10H.,O or Cr 4 (OH) 10 O,9H,O to chromium hydroxide. 
Stronger evidence in favour of Buch formulation is found in the 
absorption of carbon dioxide from the air by chromium hydroxide 
with the formation of a carbonate, C0 s ,2Cr 2 (0H) 6 ,8H 2 0, to which 

the formula £$h{^ C 0 - 9H *° 0r °<£® ^ CO ’ 10 %J 
is ascribed (compare A., 1914, ii, 373). H. W. 


Chromium Chromate, Cr0 3 ,Cr 2 0 3l 7H 3 0. Mil, g, 
Jovits chits ch (Htlv. Chim. Acta, 1920,3,40 — 46). — Whema solu- 
tion of chromium oxide in nitric acid (compare A., 1912, ii, 261) is 
evaporated until excess of acid is removed and the residue is dis- 
solved in water and treated with ammonia, a dark brown, almost 
black product is obtained, analyses of which are in agreement 
with the formula Cr 2 (0H) a ,H 2 0 or Cr0j,Cr 2 (>5,7II 2 0. The loss 
of 1H 2 0 over sulphuric acid, of 2H 2 0 at 105°, and of 613^0 at 205° 
is more readily explained by the former, but the chromium con- 
tent and particularly the possibility of the preparation of anhy- 
drous chromium chromate from the substance, lead the author to 
give preference to the latter. The substance is somewhat unstable 
and loses chromium trioxide when repeatedly washed even with 
warm water. It forms a very suitable initial material for the pre 
paration of pure chromium hydroxide free from alkali, which is 
effected by boiling a solution of the substance in concentrated 
hydrochloric acid with alcohol until reduction is complete and 
subsequently adding ammonia in excess. 

Anhydrous chromium chromate cannot be prepared by heating 
the hydrated product, since decomposition occurs before the last 
molecule of water is removed ; it may, however, be obtained as a 
porous, black mass by dissolving chromium oxide in nitric acid, 
evaporating the solution to dryness, and cautiously heating the 
residue to 290°. The analytical data agree equally well with those 
required for the peroxide, Cr0 2 , but the readiness with which the 
substance is converted by ammonia, alkali carbonate, or hydroxide 
or by boiling water into chromium hydroxide and chromate is 
interpreted in favour of a salt-like constitution. H. W. 


Electro-deposition of Nickel. L- I>. Hammond (Trans. Arm. 
Electrochcm. Soc., 1916, 30, 103-134).-The best conditions for 
securing a satisfactory anode corrosion in the electro-deposition 
have been sought by studying the polarisation pressures and the 
current efficiency obtained with anodes of cast nickel, electro ytic 
nickel, and annealed nickel in solutions of nickel sulphate conta 
ine measured amounts of boric acid and nickel chloride, la 
experiments show that although cast nickel anodes corrode fairly 
well in simple sulphate solutions to which bone acid has been adfle , 
the best results are obtained when the purest electrolytic nicsei 
nickel sulphate solutions containing chlonde is us *“j... . does 
chloride is to be preferred to other chlorides, as its addition doe 
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not decrease tie concentration of nickel in tie electrolyte It is 
shown that 6 grams of nickel chloride per litre produce a good 
anode corrosion, and that the best results are secured by increasing 
the concentration of nickel chloride to 15 grams per litre The con- 
ditions necessary for the direct electro-deposition of nickel on zinc 
have been investigated, it is shown that nickel can be directly 
deposited on zinc from the baths used to deposit nickel on more 
electro-negative metals if a higher initial current density is em- 
ployed than is usual when using these baths for their ordinary 
purposes. An electrolyte consisting of 120 grams of nickel sul- 
phate, 15 grams of nickel chloride, 30 grams of boric acid, and 
1000 c.o. of water may be used to deposit nickel on zinc, copper, 
brass or iron. To deposit on copper a current density varying irom 
a iew tenths of an ampere to 3 or 4 amperes may be used, but to 
deposit on zinc a current density of not less than 3 amperes must 
be employed. It is suggested that whilst the above-named bath 
produces good deposits on flat strips of zinc, it will probably give a 
deposit with black streaks if irregular objects are to be plated. 
The following bath composition, however, produces perfect deposits 
on irregular objects: 240 grams of nickel sulphate, 15 grams of 
nickel chloride, 30 grams of boric acid, 175 grams of sodium citrate, 
and 1000 c.c. of water. This bath gives good deposits with current 
densities 0'5 — 7 amperes per sq. clem, if puro nickel anodes are 
used. The two baths named are very rapid in their action. Nickel 
has been deposited directly on zinc irom a A T / 2-solution of hydro- 
chloric acid containing 120 grams of nickel sulphate pet litre. 
Sodium citrate has a beneliciai effect on baths for the direct nickel- 
ing of zinc, which is not due to a change in the potential of zinc, 
but to a decrease in the rate of deposition by immersion. Sodium 
potassium tartrate and sodium malate have a similar action, but 
they do not permit the use of so high a current density as the 
citrate bath. The substitution of nickel ammonium sulphate by 
nickel sulphate in nickeling baths is recommended. To ensure a 
good deposit of nickel it is essential that the bath should be slightly 
add, and it is for this purpose that boric acid is added. The iunc- 
tion of the boric acid is therefore to maintain a small but fairly 
constant concentration of hydrogen ions in the electrolyte. 

J. F. S. 

Isolation of Molybdenum and working up of Molybdenum. 
Residues. S. Maloivax ( Ckem . Zeit,, 1918, 42, 410).— To 
recover molybdic acid used as a precipitant in phosphorus deter- 
minations, the liquor is precipitated with sodium or calcium phos- 
phate. The yellow precipitate, alter being washed and dried, is 
heated with excess of concentrated sulphuric acid until solution is 
complete and the acid colourless. The cold liquid is poured into 
light to ten times its volume of water, and the molybdenum precipi- 
tated with excess of ferrocyauide. The precipitate is collected after 
three hours, washed with dilute ferrocyauide solution until all the 
icid is removed, dried, separated from the paper, and ignited at 
» dark red heat to incipient fusion. The cooled product is leached 

6«-^2 
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twice with hot water, then extracted with ammonia which dis- 
solves molybdic acid. The colourless solution is filtered, evaporated 
to dryness the residue dissolved in a little water and hydrogen 
peroxide, and the solution boiled to oxidise any lower oxides. The 
resulting solution of ammonium molybdate is diluted until it has 
X) 17 1'09 (that is, 10 per cent.). ' W. R. S. 


Reversible Reaction o! Water on Molybdenum. Georges 
Chaudron (Compt, rend., 1920, 170 , 182— 185).-A study of the 
system water vapour-molybdenum-hydrogen-molybdenum dioxide 
over the temperature range 700 — 1100°. The values of 

Id obtained by the oxidation of the metal or the reduc- 
tion of the" oxide agree closely. Plotting log K against 1/2 1 , the 
points obtained lie on a straight line within the temperature 
interval considered. W- G. 


Thn Violet Compounds oi Uranium. J. Aloy and E. 

Rodieh (Bvll. Soc. chin 1920, [iv], 27 , 101-105),^The produo 
tion of violet compounds of uranium as described by Aloy (compare 
\ 1901 ii 317) is not an exceptional phenomenon, but quite 

general and does not necessarily involve the action of light It is 
necessary to distinguish between salts of inorganic acids and salts 
of organic acids. Salts of the first type must be used in exactly 
neutral solution and in the presence of a readily oxiduable sub- 
stance Both violet and ultra-violet rays cause the production of 
violet precipitates, the ultra-violet rays being the more active The 
action of light is not always necessary, and it is shown that these 
violet compounds are obtained whenever a uranons and a uramt 
salt are present together at the requisite temperature in a neutral 

In' reality^ t here"exist a large number °f vi « let wm P 0U “^ 
uranium having ail analogous constitution, all of which, by loss 
their acid radicles, tend to become transformed into the .green, 
hydrated oxide, U 3 0 8 ,2H 2 0. 

Soluble Metastannic Acid. Hans Kreis (&&«■«*■ c ^!‘ 

19l9 ’. f 3 8 9 ^ d S Pongy ) tin is ^solved, 

i* ^ded. The -Uing ^ ^ 
solution contains colloidal metastannic acid and my P y 
evaporated to dryness, with or without addition of > no» : ^ 
without precipitation of the tin (compare Antony and m 
A., 1899. ii, 330). The author considers that the ferric 7^ 
formed by dissociation of the ferric nitrate V g p. 

colloid . 

Tie Question ol .he ' «> **&?££* 

It. Schwarz and It. Deihmr (Her 192 ^L Wedekind (i 1* 
vol., ii, 42).— A recognition of similar work by j> ^ ^ 

ii, 225). 
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Electrolysis of Aqueous Solutions of Vanadium 

Siegfried Fischer, iun. (Trans Amer Fb , , adlu ™ Salts - 

30, 175 228). Several hundred l 91 - 6 ’ 

tabular form, which have been made with the obiect 
metallic vanadium from aqueous solutions After f, de P<®‘ting 
literature of the deposition of vanadium the authn j eSlln ! e of .. tlle 
five experiments made with Cowper Co t « ^ desCr I bes m ?~ 
(1-75 vanadium pentoxide, 2'00 soZm hvdroxfdT ' IZ f ^ 
after boiling 32'0 hydrochloric acid) (A., 1899, ii, 755 ), IH^found 
that m no circumstances can metallic j- ; , : “ 

from this electrolyte. The reduction of the electrolyte is limhed in 
most cases to the vanadyl state, which is blue (V„ 0 .). A reduction 
occurs m practically all the experiments. At temperatures of 90° 
or above the reduction may be taken to the lavender colour ( V 0 1 
Lead electrodes alone give a reduction to the sesquioxide (V O,) or 
green s We at temperatures below 90°; above 90° the electrolyte 
is reduced to the lavender state. Carbon electrodes reduce the 

electrolyte to the green state. At temperatures below Q n° 
platinum electrodes reduce the electrolyte to the blue vanadyl state 
only, and the current density has no influence on this At tern 
peratures above 90° the lavender state is reached only when porous 
cells are used. The black deposit obtained by Cowper-Coles on 
platinum electrodes is not a vanadium compound, but platinum 
hydride. A number of experiments (112) were made with solutions 
of vanadium pentoxide in sulphuric acid in the presence of various 
concentrations of aluminium sulphate, magnesium sulphate am- 
monium sulphate, hydrofluoric acid, boric acid, or silicic acid usino 
electrodes of platinum, carbon, lead, and mercury. When platinum 
electrodes were used a black film was obtained, which contained no 
vanadium. In no case was metallic vanadium obtained. Solutions 
of vanadic acid in hydrochloric add, sulphuric acid, nitric acid, 
hydrofluoric acid, lactic acid, ethyl hydrogen sulphate, and tartaric 
acid were electrolysed, as well as a series of solutions of vanadic 
oxide in alkali hydroxide, but in no case could metallic vanadium 
be obtained. The reason for the failure to obtain metallic vanadium 
is the very large heat of formation of vanadium salts. Thus the 
oxide V,,0 5 has a heat of formation 441000 cal.; V„0,, 353200 cal. ; 
VO, 104300 cal. J. F. S. 


Formation and Nature of Black Antimony Trisulphide. 

Ferruccio de Bacho (Anmli Clnm. Appl., 1919, 12, 143—152). 

On heating red antimony trisulphide in carbon dioxide, there is 
no material difference in the loss of weight at temperatures from 
150° to 300°, the change to the black modification taking place at 
, whilst in a current of hydrogen sulphide the change occurs 
at 207°. By adding ammonium chloride to the red sulphide, the 
temperature of the change in carbon dioxide is lowered (for 
example, to 170°), whilst the presence of antimony chloride reduces 
the temperature still further. Thus in the case of a mixture of 
^ual parts of antimony trisulphide and trichloride, the black 
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coloration appeared at 125°. Metallic silver also has a favourable 
influence on the transformation. The action of ammonium chloride 
in boiling solution also promotes the formation of the black sulphide 
to an extent depending on the concentration of the solution, whilst 
the rapidity of the transformation stands in relationship to the 
degree of hydrolysis of the ammonium chloride, and consequent 
acidity of the solution. The presence of antimony trichloride 
facilitates this conversion, which is accelerated by the presence of 
hydrochloric acid, antimony trisnlphide, and potassium nitrate at 
high concentrations. Concentrated solutions of electrolytes, such 
as sodium chloride, ammonium sulphate, or potassium nitrate alone 
have no effect on the transformation, which is therefore not merely 
the result of molecular condensation. The conversion always takes 
place when the conditions permit of immediate contact between 
the red antimony trisulphide and antimony trichloride, whether 
added as such or formed in the solution. It is probable that the 
following reaction takes place: 2Sb.iS 3 + 2SbCl s > 68 h - 3S,CL 
It is also probable that the trace of free antimony thus formed, or 
that produced by dissociation of the red trisulphide when heated, 
forms in the colloidal condition a solid solution with the antimony 
trisulphide. This decomposition, which occurs in the process of 
drying in analytical work, is too small 1 o be detected gravimetric- 
ally. On heating the red trisulphide, there is a gradual increase 
in the specific gravity, but the conversion into the black modifi- 
cation is not indicated by any sudden rise in the specific gravity. 

C. A.M. 

The Action of Aqua Regia on Gold-Silver Alloys in the 
Presence of Ammonium Salts. William Branch Pollard 
(T., 1920. 117, 99—103). 


Mineralogical Chemistry. 


Colloid Colour Substances in Minerals. C. Doelter 
(Kolloid Zeilsrh., 1920, 26. 23— 27).— A theoretical paper in which 
it is shown that the colours of many minerals are due to small 
quantities of impurities, which mav be the same in different!' 
coloured minerals. The nature of the colour depends on the size 
of the particles of the pigment. Change in the colour effected by 
heating or by the action of radium rays is due to a change mt 
dimensions of the particles. 


AMarkedlv Ceritic Fluoapatite from Latium. I- 

and L. Ghassi (Onzzeltn, 1919. 49. ii, 232-246).—- 
■ , 1 j . 1 ^. Lr»n as “nenenno, occ 


Bellucci 
-A nodule 

included in the building stone known as “peperino," ° cc ’!’'™= 
a cave in the Ariccia district, is found to consist prm ipalW 
olivine and biotite. together with numerous small shim g. ) 
line aggregates having a radiating, fibrous strnc ure a „.,o 3 29 , 
emerald-green - colour. This green mineral, 
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n j.g 3 — 1'65, is a fluoapatite containing comparatively large pro- 
portions of rare earths; analysis gave: 

Rare eartli 

CaO. oxides. FeO. P,O s . SO,. F. Total. 

60 .86 6-24 1-92 35-5 2-69 3-37 99-48 

The rare earths present are ceritic and not yttric in character, the 
presence of cerium, didymium, and lanthanum being demonstrated. 
“ A summary is given of the literature dealing with apatites con- 
taining rare earths. In the apatite of Narsarsuk, Flink (A., 1900, 
ii 410) found 3'36% of yttric oxides and 1-52% of ceritic oxides. 

’ ' T. H. P. 


The Origin oi the Beds oi Sodium Carbonate in Peru. 

Kmm P07.zi-Escot (Bu/l. Soc. chim., 1919, [iv], 25, SH— 617).— 
It is suggested that the sodium sulphate of the soil dissolves in the 
water which gradually collects in natural depressions, forming salt 
marshes, with an abundance of vegetation suited to the conditions. 
The sulphate in contact with the plants and alg$ becomes reduced 
to sulphide, which is then in its turn decomposed by carbon dioxide, 
either atmospheric or that resulting from local vegetative combus- 
tion with the resulting formation of sodium carbonate or sodium 
hvdroven carbonate. The industrial possibilities of these deposits 
are discussed. 


Mineralogy of Sweden. Gust. Fuse (Arkiv Kemi Min. Qtol, 
1917 6. No. 21, 1—149).— In Part IV of Ms “Mineralogy of 
Sweden ” the author gives detailed descriptions of forty-five 


1 

SiOj. 

16-61 

A1.0,. 

Fe,O s . 

FeO. 

PbO. 

77-63 

77-70 

66-53 

70-14 

GIO. 


16-50 

— 

— 

— 


TTT 

17-74 

— 

— 

— 



17-21 

— 

— 

— 



39 84 

— 

— 

0-15 

— 

16-53 


40-00 

— 

— 

trace 

— 


VTT 

37-53 

23-79 

7-73 

3-85 



VTTI 

45-53 

23-07 

1-93 

— 



TX 

43-54 

22-62 

1*79 

— ' 



x 

43-40 

23-05 

1-27 

— - 

' 


I 

MnO. 
0-35 

CaO- 
1 75 

MgO. 

0-41 

h 2 o. 

0-40 

0-08 

0-60 

Total. 

99-95* 

99-82} 

99-llt 

Sp. gr. 
6-53 

II 

2-83 

0-52 

0-10 


Ill 

2-88 

10-42 

0 45 


rv 

2-78 

7-31 

0-95 

0-54 

2- 48 

3- 14 

4- 48 
4-81 
4-89 



V 

26-82 

15-67 

0-155 

99-9311 

99-63** 

3-l6~ 

3-189 

VI 

VII 

7-05 

0-48 

37-82 

21-97 

0-94 

0-34 

VTTT .. 



25-48 

— 


2-914 

2-906 

IX 

. — 

26-66 

— 


x 

trace 

26-49 

0-40 



* Including Fe 0*10, Cl t rac ®- _ .. „ qp, d 0-12. 
f Including Z«O mK,O mN^O OJ SO s 63, d 0 *10. 

ii S£Sf fS& " 01 '■ Ki ° ° 34 ' N%0 °' 45, 
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species belonging to the silicate group. Analyses are gi ven 
of the following: I and II, barysilite of different types 
from Jakobsberg ; formula, PbjSijOj. Ganomalite, III, f roffl 
Jakobsberg, IV from LSngban. V, trimerite from Jakobsberu; 
formula, Gl 2 Si0 4 ,(Mn,Ca) 2 Si0 4 . VI, harstigite from Harstig mine- 
formula, GUCajSijO,,. VII, epidote from Nols felspar quarry, 
Gota. Prebnite, VIII from Uppsala district, IX from Hastberc 
estate, near Falun, X from Sjosa iron mine, near Svarta. 

J. S. 

Presence of Lithium in the Salts of Vesuvian Pumaroles. 

L. de I.uiSE (Gazzetta, 1919, 49, ii, 328 — 329). — The salts from 
the fumaroles of the crater of Vesuvius have the composition: 
potassium chloride, 20'521%; sodium chloride, 79-458%; iron and 
aluminium, traces. Sometimes lithium is present in small propor- 
tion, and in one instance 180 grams of the mixed chlorides were 
found to contain lithium chloride corresponding with 0’07 gram of 
lithium sulphate. T. H. P. 


Analytical Chemistry. 


Qualitative Analysis in the Presence of Phosphoric Acid. 

Heinrich Remy (Zeitseh. Chem., 1919, 68, 385— 392).-— The 
following procedure is recommended for the qualitative analysis of 
a solution containing various metals, etc., and phosphoric acid. 
Heavy metals are first separated by means of hydrogen sulphide; 
the filtrate from the sulphide precipitate is boiled to expel hydrogen 
sulphide, filtered, heated with the addition of a small quantity of 
nitric acid, then nearly neutralised with ammonium carbonate, 
treated with an equal volume of concentrated ammonia, and ail 
excess of ammonium phosphate i9 added. Aluminium, chromium, 
iron, calcium, strontium, barium, manganese, and magnesium are 
precipitated, whilst zinc, nickel, cobalt, and alkali metals remain 
in solution. The precipitate is dissolved in warm dilute hydro- 
chloric acid, potassium sulphate solution is added, and the precipi- 
tated alkali earth sulphates are collected on a filter and separated 
and identified in the usual way. The filtrate from the sulphates 
is boiled with the addition of sodium acetate and ammonium 
chloride iron, chromium, manganese, and aluminium are precipi- 
tated. whilst magnesium and a small quantity of calcium remain in 
solution. The precipitate is dissolved in hydrochloric acid, boiled, 
nearly neutralised with sodium carbonate, and then poured into a 
mixture of hvdrogen peroxide and 20% sodium hydroxide solu ion. 
Iron and manganese are precipitated, whilst chromium an 
aluminium are converted into soluble chromate and a umina 
respectively. The filtrate from the first phosphate precipitate, 
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containing the zino, etc., is heated, treated with ammonium 
sulphide, the precipitate is collected (the filtrate from this pre- 
cipitate contains the alkali metals), and the zinc sulphide is dis- 
solved in dilute hydrochloric acid, in which nickel sulphide and 
cobalt sulphide are insoluble. The hydrochloric acid solution is 
then rendered strongly alkaline with ‘sodium hydroxide, heated, 
diluted, and filtered; zinc is precipitated from the filtrate as 
sulphide after the addition of acetic acid. Nickel and cobalt are 
separated and identified in the usual way. \y. p, g 

Method of Stating Analytical Results. A. Thiel (Chem. 
Ze.it . , 1920, 44, 81 — 82). — A discussion advocating the use of 
equivalent unite in expressing the results of analysis, W. P. S. 


Influence of Temperature on the Strength of Standard 
Solutions in Quantitative Analysis. Yukjchi Osaka (J. Tokyo 
Chem. Soc 1919, 40, 424— 449). — The tables previously published 
(ibid., 1911, 32 , 450) showing the changes in the concentration of 
standard solutions at different temperatures, taking 15° as the 
standard temperature, have been extended for temperatures from 
5° to 30°, each being compared with three standards, at 15°, 20°, 
and 25°. Nineteen tables are given for N- and A/10-oxalic acid, 
A-bydrochloric, nitric, and sulphuric acids, N- and N /10-sodium 
carbonate, Nf 10-sodium hydroxide, 3'/ 10- and Nf 100-sodium 
chloride, Nj 10- and .V/ 100 -silver nitrate, Nj 10- and A /100- 
potassium permanganate, N /10-ammonium thiocyanate, and water. 
The change in the concentration of the solution and in the volume 
of the flask produced at different temperatures is recorded. The 
results are summarised in the following table:. t 


Standard temp, : 


15°. 


Solution temp. : 5°. 30°. 

NaOH (A r ) 1-00246 0-99508 

N&jCOj (N) 1-00230 0-99521 

HNO, \N) 1*00227 0-99516 

HjSO, (N> 1*00231 0*99516 

HAO, fiV) 1*00160 0-99580 

HC1 (N) 1*00153 0-99608 

NaCl (0*1 N) 1*00109 0-99642 

AgNO,((HN) 1-00105 0-99640 

NH<CNS (0*1 A') 1-00104 0-99639 

KMn0 4 {0-IN) 1-00096 0-99643 

Na 2 CO, (0-LV) 1-00095 0-99675 

HA0 4 (OTN) 1-00078 0-99674 

NaCl (0-0 IN) 1-00089 0-99649 

AgN0 3 (0-0LV) 1-00089 0-99635 

KMnO< (0-01N) 1-00087 0-99633 

HjO 1-00083 0-99661 


5°. 30°. 

1-00393 0-99655 
1-00374 0-99664 
1-00371 0-99658 
1-00365 0-99659 
1-00279 0-99698 
1 00264 0-99718 
1-00201 0-99735 
1-00202 0-99737 
1-00199 0-99734 
1-00193 0-99737 
1-00177 0-99757 
1-00161 0-99757 
1-00178 0-99738 
1-00177 0-99743 
1-00181 0-99745 
1-00174 0-99751 


5°. 30°. 

1-00559 0-99819 
1-00534 0-99820 
1 00534 0-99822 
1-00526 0-99818 
1-00422 0-99840 
1-00395 0-99849 
1-00321 0-99854 
1-00321 0-99856 
1-00322 0-99856 
1-00312 0*99856 
1-00287 0-99866 
1-00270 0-99866 
1-00295 0-99853 
1-00294 0-99858 
1-00294 0-99858 
1-00288 0-99864 


The average from ail equinormal solutions is given in the final 
table for each temperature from 5° to 30° against- three standan 
temperatures. This table could be used for any J -solution, within 
error of 5 in 10,000. Another table is given which could be applied 
for any solution less than OTA 7 within error of 5 in 10,000, t is 
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pointed out that maximal errors for two solutions of equal strength 
made at two extreme temperatures (5° and 30°) is 7 : 1000 for 2V 
and 5:1000 for solutions less than 0-127. 

Chemical Abstracts. 

The Effect of a Change in Temperature on the Colour 
Changes of Methyl-orange, and on the Accuracy of Titrations. 

Henry Thomas Tizaed and John Reginald Harvey Whiston (T., 
1920, 117, 150—156). 

Indicator Papers. D. J. nr. Jong (Pharm. Weekblad , 1919, 
56 455 467) — An extension and amplification of previous com- 

munications (ibid., 179, 238, 328, 404, 405). If a drop of add is 
placed on ordinary filter paper and tested with methyl-orange, a 
weak reaction will be indicated in a ring surrounding the drop, 
and beyond this will exist a neutral “water ring.” If the paper 
is previously treated with hydrogen chloride, washed, and dried, it 
becomes saturated with hydrogen ions, and further absorption o[ 
these from the drop will be prevented. A stronger coloration will 
thus result, and will be produced in the whole moistened portion. 
Addition 'of acid to methylene-blue similarly increases its sensitive- 
ness. W - J - W - 

Use of the Electrometer for Titrations. J. Pinkroff 
(Pharm. Weekblad. 1919, 56, 1218 -1234).-The author gives a 
description of the apparatus and mode, of operation in carrying out 
titrations by the potential method. A difference of potential of 
1 millivolt should be detected by a suitable electrometer. The 
scope of the method and its special applications are discussed at 

some length. , 

Use of Arsenious Anhydride in Namias’ Method of 
Volumetric Analysis. Ferruccio he Racmo (Amah (hm 
Aval 1919 12 136— 142).— In Namias s method (A., 1892, 
1374) any given oxidising agent is treated with an excess of arsen- 
ous anhydride in the presence of ammonium acetate and the boiling 
tiniiid titrated with iodine solution after the addition of acetic 
acid Critical experiments have shown that this method is untrus 
worthy No blue coloration is given by starch paste with iodine at 
60—70° and it is therefore useless to employ it. as an 
a° boiling solution. The presence of ammonium chloride form^ 
from the ammonium acetate when the solution contained hydro 
Chloric acid also influences the results. Equilibrium brtww the 
reacting substances is then only very slowly attained. Contra 
the assertion of Namias. the reaction between arsenious a Y 
ami chmmic acid is only complete after prolonged action and the 
results obtained are invariably too high and not concor ai ^ ^ 

New Volumetric Reduction Method with Arsenious Aa 
hvdride. Ferruccio de Bacho ( Annah Ch*m. App ■, * 
153_]74). — An oxidising agent is treated with excess of arsem 
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acid solution in the presence of hydrochloric acid *od n,„ i *■ 
aubsequentiy titrated with standard potaa 8 iu m bromate soluto 

must not exceed 12'8%, a distinct. iJoTlg whe^trt^lTl 
In many cases the redurtum is complete at the ordinary temperaturt 
but aa a rule it is preferable to bml the liquid beneath a reflux 
condenser. The method gives good results in the analysis of per- 
manganates, in the estimation of manganese dioxide in pvrolusite 
and the analysis of chlorates and chromates, including lead 
chromate. In the case of mixtures of hypochlorites and chlorates 
the hydrochloric acid is reduced to 5% to retard tile action of the 
chlorate during the estimation of the hypochlorites The arid is 
then increased to 12% and the reduction effected at boiling point 
when both chlorates and hypochlorites react, and the amount of the 
former is found by difference. [See, also, J. Hoc. Cliem. Ind., 1920, 
Marci -1 C. A. M. ’ 


Improved Electro-analysia Apparatus. J, L. Joses (Trans. 
Amer. Eiccirochcm. Soc., 1917, 32, 729 — 334). — A description of a 
six- and a ten-unit electrically stirred electrolytic apparatus for the 
quantitative analysis of non-ferrous alloys. The electrodes and 
beakers are fixed; stirring is effected by revolving tungsten rods. 
Each electrolysis receives a separate current which may be varied 
between 0 o and 6 0 amps. A switch and push-button before each 
unit enable the current and E.M.F. to be read at any moment. 

J. F. S. 


Use of Lead as a Substitute for Platinum in Analysis. 

CiRi Hotter (Zcitsch. angcw. Chem., 1919, 32, 380).— Platinum 
basins may be replaced by lead basins for certain quantitative esti- 
mations. Thus iu the case of chrome iron ore the mineral may be 
heated with concentrated sulphuric acid in a lead basin on the 
water-bath, and any lead sulphate formed removed without inter- 
fering with the subsequent analysis. The method is suitable for 
the estimation of silicon, aluminium, potassium, and Bodium, for 
which silica or silver basins cannot be used. Any alteration in the 
stage of oxidation is prevented by introducing a current of carbon 
dioxide through a porcelain tube inserted into a hole in the middle 
of the lead cover of the basin. C. A. M. 


Catalytic Reduction of Organic Halogen Compounds. 

M. Busch (Zeitsch. angew. Chem., 1918, 31, 232). — In the catalytic 
reduction of organic halogen compounds by means of palladium, 
hydrazine may be substituted with advantage for a current of puri- 
fied hydrogen. 0'2 Gram of the organic compound is dissolved in 
40 — 50 c.c. of alcohol; 2 grams of palladinised calcium carbonate, 
or barium sulphate, 2'5 c.c. of 50% potassium hydroxide, 
and 10 drODs of hydrazine hydrate are added. The liquid is boiled 
under reflux for thirty minutes, after which the bulk of the alcohol 
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i? expelled on the water-bath. The catalyst is filtered off, and the 
halogen determined in the filtrate after acidification with nitric 
acid. W. R. S. 

Estimation ol Organic Chlorine or Bromine by the 
Chromic Acid Method. P. W. Robkrtsox (Ghem. News, 1920 
120, 54). — To overcome minor difficulties encountered in the 
chromic acid method of estimating organic chlorine or bromine (T., 
1915, 107, 902), the following modifications are suggested. ^ 
freshly prepared cold solution of sodium peroxide is used as absorb- 
ing medium instead of sodium hydroxide solution containing hydro- 
gen peroxide. The chromic anhydride may be replaced by halogen, 
free potassium dichromate, and N / 20-solutions of silver nitrate 
and ammonium thiocyanate are recommended instead of N j 10-solu- 
tions. Finally, in the ease of compounds, particularly liquids, which 
react explosively with the oxidising mixture, the best procedure is 
to cover the substance with a large amount of powdered dichromate 
and run the previously cooled sulphuric acid very rapidly into the 
reaction vessel through a wide funnel by means of a suction pump 
connected with the absorption tube. The reaction vessel is cooled 
in ice until the initial violence of the oxidation has moderated. 

G. F. M. 

Iodometric Estimation of Chloric Acid. I. M. Koltiioff 
( Pharm . Weekblad, 1919. 56, 460— 465).— The direct iodometric 
estimation of chlorate in a strongly acid medium gives high results 
owing to oxidation of hydrogen iodide by atmospheric oxygen. 
Rupp’s method (A., 1918, ii, 125) is satisfactory. It is sufficient, 
however, to use hydrochloric acid to the extent of one and a-half 
times the volume of the chlorate solution, and only 100 c.c. of 
potassium iodide need be added. By using ferrous sulphate, still 
smaller quantities of reagents may be employed. The chlorate solu- 
tion is boiled with 10 c.c. of 4.Y-hydrochloric acid and ferrous sul- 
phate; 1 gram of potassium iodide is added at 50°, and the solution 
then titrated with slight heating towards the end. W. J. W. 

Estimation of Iodide. I. M. Koi.tiioff [Pimm. Weekblad, 
1919, 56, 1029 — 1035). — Estimations were made by several known 
methods with the same preparation of potassium iodide (0 098.V) in 
each case. Winkler’s method ( Zeittch . anal Ghem., 1914, 53, 20) 
gives good results only in absence of bromide. The presence of 
bromide in small quantities does not alTect the results in the case of 
those methods in which hydrogen iodide is oxidised to iodine and 
the latter estimated, for example, Volhards, Vincents (A., 1900. 
ii, 166), and Richard's (/'harm. II rekhtad, 1903, 40. 157). In the 
last mentioned method, it is advisable to let the solution remain for 
two to three minutes after addition of the tartaric acid. Iodide 
may be estimated in presence of bromide by adding benzoic acu 
and potassium iodate, boiling until the iodine has disappeared, then 
adding potassium iodide and sulphuric acid, and titrating c 
with thiosulphate. ■ J- 
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Estimation of;Oxygenwith'Cuprammonium Compounds. 

W. Haehnel and M. Mugdan ( Zeitsch . angew. Chem. 1920 33 
35 ).— In tile preparation of ammoniacal copper solution for the 
absorption of oxygen, the usual ammonium carbonate solution em- 
ployed may, with advantage, be replaced by saturated ammonium 
chloride solution. The rate of absorption of oxygen is not aSected, 
but the residual gas is free from carbon dioxide derived from the 
ammoniacal copper solution. WPS 


Tha Volumetric Estimation of Sulphates by Oxidation 
of Benzidine Sulphate with Potassium Permanganate. 

P. L. Hibbard (AW Set., 1919, 8, 61— 65).-A modification of the 
method of Raiziss and Dubin (compare A., 1914, ii, 671 ), full 
details being given. It is shown that both temperature ’and volume 
are important factors, which should be kept constant. The solu- 
tion for the precipitation of benzidine sulphate should be free from 
organic matter, iron, the heavy metals, nitrates, and phosphates, 
and should contain between 0'5 and 4 0 mg. of S0 4 ". It is 
advisable to use an excess of standard permanganate solution, the 
oxidation flask being heated in a boiling-water bath for ten minutes. 
At the end of this time, a slight excess of standard oxalic acid 
solution is run in, and this is then titrated back with the perman- 
ganate solution. W. 6. 

Estimation of the Non-protein Nitrogen in Blood. 

B. Albert ( Biochem . Zeitsch., 1918, 92, 397— 412).— A modifi- 
cation of the micro-method for estimating the non-protein nitrogen 
in blood. The blood or serum is freed from its protein by the 
addition of colloidal iron and 10% potassium sulphate. The filtrate 
is oxidised with “ micro-sulphuric acid,” consisting of 15 grams 
of nitrogen-free potassium sulphate, 5 grams of pure copper 
sulphate, 100 c.c. of distilled water, aud 400 c.c. of pure concen- 
trated sulphuric acid. The distillation is carried out in an 
apparatus described by the author. The distilled ammonia is 
received in .Y/200-sulphuric acid and estimated iodometrically. 

s. s. z. 


Estimation of Urea Nitrogen in Blood (and Urine). 

B. Albert ( Biochem . Zeitsch., 1919, 93, 83 — 89). — The Lesser- 
Siebeck micro-method for the estimation of urea nitrogen is con- 
sidered a very suitable one. Some modifications are recommended. 

S. S. Z. 


Estimation of Small Quantities of Arsenic. W. van 

Rijn (Pharm. Weeiblad, 1919, 56, 1072— 1083).— Various methods 
of estimation of small quantities of arsenic, as in urine, have been 
investigated. Separation of the arsenic from the material under 
test is accurately effected by several methods, as follows : (a) Treat- 
ment with potassium chlorate and hydrochloric acid (Fresenius and 
Babo); (6) absorption by ferric hydroxide (Lockemann and 
Paucke, A., 1911, ii, 720); ( c ) acidification of the sample with 
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sulphurio add, addition of solution of bromine in potassium 
bromide, then ammonia and magnesia mixture; (d) treatment with 
ammonia and magnesia mixture, and addition of sodium phosphate 
(Berntrop). Bloemendaal’s apparatus was used for obtaining the 
mirror; final estimation of this by comparison with a standard 
mirror was not accurate, and the titration ' method (Berntrop, A., 
1906, ii, 706) was used. Quantities as small as 1 mg. of arsenic 
per litre were estimated. The estimations were also carried out 
with wallpapers, paint, and blind materials. W. J. \V. 

Precision Method for the Estimation of Gases in Metals. 

H. M. Ryder (Trans. Amer. EUctrochem. Soc., 1918, 33 
197 — 204). — The metal to be investigated is mounted as a thin 
ribbon or filament in an electric light bulb, which is connected 
to a Toepler pump and exhausted. The temperature of the 61 a 
ment is then raised by an electric current, and the pump set work- 
ing, so that the gases are continuously removed. The tempera- 
ture is raised in steps of 50° up to "the melting point, and the 
gases evolved at each temperature are measured and analysed. 
The bulb is water-cooled to prevent the evolution of gases by the 
glass on heating. Silicon steel was found to give off large volumes 
of gas at 730°. In the analysis, the water vapour and carbon 
dioxide are frozen out by means of liquid air, and the remaining 
gases removed. The carbon dioxide is then removed by substituting 
carbon dioxide snow for the liquid air. The volume of carbon dioxide 
is measured by reading the pressure existing in the apparatus by 
means of a MacLeod gauge. It is then pumped out, and the water 
vapour released into the vessel Hv removing the refrigerant. The 
pressure due to this is read by means of a mercury U-tube mano- 
meter with optical lever attachment. Oxygen is added to the 
residual gases, and the hydrogen, methane and carbon monoxide 
are burnt to carbon dioxide and water, which are estimated 
as before. Carbon monoxide is added t.o the residual gases, and 
serves, after combustion, to estimate the excess of oxygen and any 
which may have been there originally. Nitrogen is estimated by 
difference. J. F. S. 

New Absorption Apparatus for Elementary Analysis. 

Fritz Friedrichs ( Zr.itsch . anr/ew. Chem., 1919, 32, 388).— A 
compact, form of absorption apparatus is described in which the 
carbon dioxide is absorbed bv means of potassium hydroxide solu- 
tion in a helical tul>e, which is fixed within the bend of a U-tube, 
The latter is charged with calcium chloride instead of soda-lime. 
The use of calcium chloride as a drying agent is preferable to that 
of sulphuric acid when it is a question of equilibrium being 
attained. The binarv system CaCI.-ILO, in which the phases 
C'aCL, CaCl,,2H,0, FLO occur, is univariant-, and the tension there- 
fore depends on the temperature, but not on the concentration, 
whereas the system H,SO ( -fbO, in which only two phases, 1 ■ i- 
FLO, are formed, is bivariant, and its tension depends on the con 
centration as well as on the temperature. The use of both drjing 
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agents, as hitherto, is unsuitable, since the tension^of sulphuric acid 
is lower than that of CaC) 2 ,2H 2 0. The gas must therefore be 
moistened, not dried, in the calcium chloride tube following the 
sulphurio acid vessel, or the results for hydrogen will be too low ; 
under these conditions, calcium chloride dihydrate must be used 
instead of anhydrous calcium chloride. It is therefore advisable 
to discard the sulphuric acid and replace it by 50% potassium 
hydroxide solution and calcium chloride. C. A. M. 

Estimation of Combustible Matter in Silicate and 
Carbonate Rocks. A. C. Fieldneb, W. A, Selvio, and G. B. 
Taylor (U.S. Bureau of Mines, 1919, Tech. Paper 212).— The 
method described is a modification of that devised by Lissner 
(Chem. Zeit., 1910, 34, 37 — 38), involving digestion of the silicate 
material with hydrofluoric and hydrochloric acids, and combustion 
of the insoluble residue. Carbonate rocks are treated with dilute 
hydrochloric acid to remove calcium carbonate, etc., and the process 
is applied to the insoluble residue. [See, further, J. Soc. Chem. 
Ind., 1920, 155a.] W. E. F. P. 

The Estimation of Calcium and Magnesium in Different 
Saline Media. E. Canals (Bull. Soc. chim., 1919, [iv], 25, 
655—658. Compare A., 1919, ii, 34, 477). — For the volumetric 
estimation of small quantities of magnesium it iB recommended 
that the magnesium should first be precipitated as magnesium 
ammonium phosphate, and then one of two methods adopted. 

(1) The precipitate is washed centrifugally with dilute ammonium 
hydroxide and then dissolved in just sufficient 5% hydrochloric 
acid, the phosphoric acid in the solution being estimated by titra- 
tion with an uranium solution (1 c.c. = 0'5 mg. P 2 0 5 ), using 
cochineal as an indicator. The results are accurate to 0’2 gram of 
magnesium. 

(2) The precipitate is washed with a saturated aqueous solution 

of sodium phosphate, and then dissolved in hydrochloric acid, the 
ammonia present being estimated colorimetrically by means of 
Nessler’s reagent. The results are accurate tc 0 01 gram of 
magnesium. W. G. 

Spectroscopic Estimation of Small Amounts of Lead in 
Copper. C. W. Hill and G. P. Luckey (Traits. Amer. Electrochem. 
Soc., 1917, 32, 335- -343). — A method is described for the rapid 
estimation of small quantities »f lead in copper. A known weight 
(0T — 10 gram) of the sample in the form of a shot is placed in a 
small cavity in the lower positive graphite electrode of a carbon 
arc, and a fixed or rotating negative electrode used above. The 
arc is struck, the light focussed on to the slit of a grating 
spectroscope, and the lime required for the complete disappearance 
of the bright lead line (405-8 pp) from the spectrum, or for its 
reduction to a definite feeble intensity, is measured by means of a 
stop-watch. With careful adjustment of the arc, the times vary 
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regularly with the amount of copper used and with its percentage 
of lead. Thus "0'2 gram of copper containing 0'004% of lead 
required 14 secs., whilst l'O gram of copper containing 0-038% of 
lead required 227 secs. A series of experiments made with 0'4 gram 
samples show that the analyses are sufficiently accurate for use in 
a copper refinery. J. F. g 

Estimation of Mercury. H. B. Gordon ( Analyst , 1920, 45 
41 — 46). — For the estimation of small quantities of mercury, a coil 
of copper gauze is suspended in the solution, which has previously 
received the addition of a small amount of hydrochloric acid and 
of copper sulphate; the gauze is kept in motion by a motor, and 
after a suitable time, is removed from the solution, washed, dried' 
and weighed. It is then heated in a current of hydrogen, cooled 
in the same gas, and re-weighed ; the loss in weight is due to the 
volatilisation of the deposited mercury. The volatilised mercury 
may be collected in a constricted portion of the heating tube anil 
identified bv the iodine test. As little as O'l mg. of mercury may 
be detected by the method. Nitrates do not interfere, but 
antimony, arsenic, bismuth, and silver should not be present, as 
they are liable to cause error unless the copper gauze is heated al 
such a temperature that the mercury alone volatilises. fSee 
further, J. Soc. Chem. hui ., 1920, March.] IV. p, g 

Detection and Estimation of Very Small Quantities of 
Chrominm in Minerals and Ores containing Silicates and 
Carbonates. 0. Hackl (Chem. Zeit., 1920, 44, 63).— One gram 
of the mineral is fused with eight times its weight of a mixture of 
sodium carbonate and potassium carbonate, the fused mass is treated 
with water, a drop of alcohol is added, the mixture heated to 
reduce and precipitate any manganese compounds present, and the 
solution is filtered. The filtrate is evaporated, hut not so far that 
alkali salts crystallise out, again filtered, and diluted to a definite 
volume, which should he from 20 to 50 c.c., according to the 
quantity of chromium present. The chromium is then estimated 
colorimetrically, using as a standard a potassium chromate solution 
containing 0-0511 gram of the salt and a small quantity of sodium 
carbonate per 200 c.c. ; each c.c. of this solution is equivalent to 
O'l mg. of Cr 2 0 3 . W. P. S. 

A Very Sensitive Reagent for Cobalt. I. Belliicci 

(Gazzetta, 1919, 49. ii, 294 — 298). — One mg. of cobalt in solution 
may be detected colorimetrically ii» 1-2 litres of water by means 
of a-nitroso-$-naphthol, and in about 17 litres of water by means 
of (3-nitroso-a-naphthol (compare Atack, A., 1915, ii, 652; Jones, 
A., 1918, ii, 410; Bellucci and Chiucini, this vol., ii, 54). One mg 
of nickel in 4 — 5 litres of water may be detected by means of 
dimethylglyoxime. T. H. P. 

The Theory of Colour Lakes. C. Brenner (Tlelv. Chin- 

Acta, 1920, 3, 90 — 103). — The author has endeavoured to base 
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methods for the detection and estimation of minimal amounts of 
cohalt and copper on the colorations which the metallic ions give 
with nitrosonaphthols. o-Nitroso-0-naphthol is found to he un- 
suitable for this purpose in aqueous solution, since the lake is too 
easily precipitated, whilst chloroform or carbon disulphide solutions 
tin which cobalt “nitrosito” is Teadilv soluble! are only adapted 
to the detection, but not to the estimation, of cohalt. On the other 
hand, the solubility of the lake in water can he sufficiently increased 
by introducing one or more sulphonic groups into the naphthol 
molecule. The colour of tho lake depends on the number and posi- 
tion of the hydroxy- and sulphonic groups; the yellowest shade is 
eiven by the nitroso-derivative of “R"-acid, the deepest red with 
nitroso-l-naphthol-5-sulphonie acid, and the darkest shade with 
nitroso-1 ; 8-dihydroxynanhthalene-3 : 6-disulpbonic acid (chromo- 
tropic acid). In ammoniacal solution, the latter gives a lake when 
metal and acid are in the proportion of 1 atom to 2 molecules, 
whilst in sodium hydroxide solution the requisite proportion is 1 : 6 ; 
attempts to base a colorimetric process for estimating cobalt on 
these data were unsuccessful, the results being 10—40% high. On 
the other hand, the acid can he used for the micro-titration of 
cobalt since the yellow, ammoniacal solution of nitrosochromotropic 
add yields an immediate intense blue coloration with the cobalt 
ion. in the formation of which 2 molecules of the acid react with 
an atom of cohalt ; when the cobalt ions have been completely con- 
verted into this compound, further addition of the acid causes a 
change in shade from blue to red. Test analyses show the method 
to be' fairly accurate, but it cannot be used for cobalt in the presence 
of nickel, although the latter alone mav also be estimated by the 
reagent. ’ The micro-titration of copper yan he effected similarlv, 
but a larger excess of the reagent is required to give a definite end- 


Other substances with properties similar to those of nitroso- 
chromotropic acid are found among azo-dves which are used with 
metallic mordants, and among those which in dyeing are subjected 
to after-chroming. Thus, Diamond Black Y gives a deep blue 
solution in aqueous alkali, which vields differently coloured lakes 
with ammoniacal solutions of the most various metals ; when the 
metallic ion is completely united with the dve addition of a further 
quantity of the latter causes a change in shade towards blue, the 
possible utility of the method is illustrated at the instance of 

The 'possibilities of the formation of differently coloured complex 
compounds have been investigated for twenty differen me a s ai , 
sixteen dyes ; such compounds appear to he forme mos . * 

with magnesium, the alkaline earth metals, and lose o e 1 o 
group. It is interesting to note that chromium, w ic 1S J 

used in mordanting, is allied in this respect with the least reacti e 
metals of the nitrogen family. The capability o e y® . 
differently coloured complex compounds whic are 
ammonia appears to depend on the presence ol a y rox . g 
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in the ortho- or para-position to the azo-group, and, a3 a result of 
extensive experiments with a number of dyes, it is possible to give 
methods for the microchemical estimation of copper, silver, mag- 
nesium, zinc, cadmium, calcium, strontium, barium, iron, ni c‘kc] 
and cobalt. 

The constitution of the lakes and the colour changes involved in 
the titrations are discussed with particular reference to Diamond 
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Black. In acid solution, the quinonoid formula (I) j, 

ascribed to the dye in which two strong partial valencies are 
associated with the oxygen groups, whilst the other partial valencies 
of the azo-groups satisfy each other. The former valencies are 

ril satisfied by tie 

: x q alkali metal in 

I I an alkaline sola- 
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0 — \ / ^ - N C io^fi | | changes its quino 
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8 ‘whilst, simul- 
taneously, the partial valencies of the azo-groups are satisfied by 
those of the alkali metal. When, however, metallic ions are present 
in the solution, the subsidiary valencies of which are stronger than 
those of the alkali metals, the actual lake is produced, as indicated 
in formula (II). W, 

Estimation of Tungsten in Ferrotungsten. T.cmvir, Lott 
(ZtUnth . nnqev. Chem., 1919. 32. 379 -380).— Ferrotungsten is 
completelv decomposed when fused with ammonium sulphate and 
concentrated sulphuric acid, without the porcelain or platinum 
crucible hoinc attacked, as when the fusion is effected with 
potassium hydrogen sulphate. The fused mass is dissolved in water 
the solution treated with a little nitric acid, and then boiled with 
dilute (1:5) hydrochloric acid. The precipitate:! tungstic acid is 
separated and washed with dilute hydrochloric acid, the filtrate 
freed from iron bv precipitation with ammonia, then acidified. »m 
evaporated to .drvner-s, the residue boiled with dilute hydrocblonc 
acid, and the fr'esh precipitate of tungstic acid separated, t 
very accurate analyses, a third precaution may he made, m 
united precipitates are ignited until constant in weig _ ■ P ^ 
with hydrofluoric acid, and again ignited and mig ■ 
remaining iron may be separated by fusing the resit the Residue 
carbonate, ’extracting the mass with water and weight M 
of ferric oxide. [Pee. further. .7. ,W. Chem. 7nd„ M- 
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Estimation of Uranium and its .. 

Bare Elements. C. A. Pjert.k (,/ P p ratl °? from Other 

60 63). It is shown that good LiltfmfT 192 °- 12 > 

cipitating uranium with ammonium bdS * °T n6fi pre- 
cipitate with ammonium nitrate solution 77 . . ln S the pre- 
cipitation as uranvl ammonium phoxph»t„ V “ it. Pre- 

dihydrogen phosphate is also trustworthy b T?” 3 °, f amm ™>um 
that the ignited uranyl pyrophosphate Iwj'i ha , S the draw baek 
Precipitation as uranium su!phid e P and suhs^ T ab ! orbs m °isture. 
ahly gives too high results, S " ^ invarf - 

oxidised to sulphate during the ignition vll™V" Pbl J bein ? 
of uranium by means of potassium permal Ttf" 0 
owing to over-reduction takinv p I ace P and ft • * “ 1IlaCCT rate, 
eliminate this or to continue the reduction to a defi ”f po . sslb J e to 
the uranous condition. A method of „ a definite point below 
vanadium, molybdenum, and tungsten has he” r* 1 ' ranill,n fr »m 
observation (Ann. Chim. Phvt., 1842 rai 5 011 P< ‘ 1 . i " ot ’ s 

is readily soluble in ether. The solution V ‘"at uranyl nitrate 
and the residue of uranyl nitrate etc * va P°™kd to dryness, 

which vanadium pentode, molybdenum trioxide Id SnSfctri 

oxide are insoluble. The dry residue should , 1^' 

nitric acid immediately before the extraction and' shortly aftrlhe 
process has begun, to reconvert into nitrate the nartlv j 

uranvl nitrate^ Another method of separafin^ f a , P f 3 m 
vanadium has been based on (he fact, that nranvfnitrate s reaZ 
soluble, whereas vanadium pentoxide is insoluble „ V re ?, rtl , 

» .«* .srlTc^lrx 

proportion of 1:20. The solution of uranyl nitrate and sodium 
metavanadate is evaporated to dryness with nitric acid, and the 

r™ ratr fe fr ?,T tbe / e j !dup !) y meins of the mixed acids. 
[See, further, ,?oc. Chem. Tmi., 1920, 209a.] C. A M 


Reaction of Tin Salts. A. Mazuir (Ann. Chim. anal., 1919 
[,1 1' reactl0 " depends on the insolubility of stannous 

°f. fn I ""n 1 ? dl ‘ 3e T ™ , P h,lric acid - Two c.c. of the neutral or 
slightly alkaline solution containing the tin salt are treated with 
“ c c . °f 10% potassium iodide solution and 1 to 2 c.c. of concen- 
trated sulphuric acid. A yellow, crystalline precipitate of tin 
iodide forms at once if the solution under examination contains 
not less than 0-1 gram of tin per litre: the precipitate is soluble in 
chloroform, alcohol, and dilute hydrochloric acid. It is decom- 
posed by ether, iodine being liberated. Arsenic gives a similar 
reaction, but the arsenic iodide formed is insoluble in dilute or 
concentrated hydrochloric acid. Tu the case of antimony, tho iodide 
oitained is (locculent and brick-red in colour. W. P. S. 


Separation and Estimation of Lead and Bismuth. G. Luff 

("neis. Zcit., 1920, 44 , 71). — A nitric acid solution of the two 
metals is neutralised with ammonia, saturated ammonium nitrite 
solution and sodium nitrite solution are added, the mixture is 
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diluted to about 200 e.e., and boiled, When the evolution of 
nitrogen ceases, the precipitate (bismuth hydroxide or basic bismuth 
nitrate) is collected on a filter, washed with hot water, then dis- 
solved in nitric acid, the solution evaporated, and the residue ignited 
and weighed as Bi.,0 3 . The filtrate is acidified with acetic acid, and 
the lead precipitated and weighed as lead chromate. The bismuth 
oxide, after weighing, should be treated with nitric acid and hydro- 
fluoric acid, again ignited, and washed, to remove traces of silica 
and alkali respectively. W. p. § 

The Estimation oi Acetylene in Gaseous Mixtures 

J. A. Muller (Hull. Roc. ckim.. 1920, [iv], 27, 69 — 71), The 

acetylene is absorbed in ammoniacal cuprous chloride, using a 
volume of gas containing at the most 10 — 11 e.c. of acetylene ; the 
solution is acidified with acetic acid, and the cuprous acetvlide is 
collected and washed. The paper and precipitate are transferred 
to a platinum crucible, and sulphuric acid is added drop by drop 
until a homogeneous fluid mass is obtained. The excess of acid 
is gently evaporated, and when fuming has ceased, the crucible 
is heated to a red heat, cooled, and weighed. W. G. 


Determination of the Composition of Mixtures of 
Alcohol and Water by Measurements of Electrical 
Conductivity. T. M. Kolthoff (Rec. trnv. chim., 1920, 39, 
126 — 134). — For the determination of the alcohol content of beer 
or wine, the following procedure is recommended. The excess of 
carbon dioxide is removed from the liquid by bubbling air through 
it. and the liquid is then distilled with magnesium oxide. Fifty 
c.c. of the distillate are mixed with 10 c.c. of approximately JF 1% 
oxalic acid solution, and the mixture is made up to 100 c.c. 
with water. The specific conductivities r, and r, of the mixture 
and of the original oxalic acid solution diluted to one-tenth with 
water are then determined. Then f, — 100 x r, '.r.,. This ran then 
be corrected to f, 5 bv means of the temperature-coefficient, and a 
table is given showing the relationship between /„ and the alcohol 
content of the distillate. W. G. 


Specific Reaction of Butylene fly -Glycol and of Acetylmethyl- 
carbinol, Products of Butylenegdycollic Fermentation. 

Lf.moicxe (ftrm pi. rrorj.. 1920, 170. 131 — 132). — The character- 
isation of acetvlmethvlcarhinol in the products of microbir decom- 
position of sugars serves (o differentiate certain groups of similar 
microbes, and the following method affords a ready means of 
detecting traces of this compound. The carbinol is oxidised to 
diaoetvl hv means of ferric chloride, the diacetvl being distilled o 
and detected by precipitation in ammoniacal solution as me e 
dimethvlglvoxime with a nickel salt and hvdroxylamine. By ” 
method it is oossihle to detect, acetvlmethvlcarhinol at a dilution 0 
1 in 1,000,000. The reaction is not given by any other < rt* 
products of fermentation. 
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Micro chemical Method of Estimating Dextrose, u 

Ivan Bang (Utochem. Zeitsch., 1918, 92 344 347 ,, 

A -> * 918, “' 79 )-~ It 18 that the potassium iodate employed 

by the author in hra modified method tor the micro-estimation of 
sugar in blood does not keep well. He therefore uses free iodic acid 
instead. The solution is prepared by dissolving u-3567 eram of 
pure potassium iodate in 10 c.c. of 20% sulphuric acid. 2-5 Grains 
of copper sulphate (CuS0 4 4-5H 2 0) may also be added to it at the 
same time, and the solution is made up to \ litre 
The author finds that by means of Willstatter ami Schiichl’s 
method, OT— 0'5 mg. of sugar can be estimated. However this 
method cannot be employed in the estimation of sugar in blood 
Blood containing 0107% of sugar showed a content of 0'22% and 
0 ’ 23 % by this method. s"s. Z 


Adsorption Compounds and Adsorption. V The 
Adsorption Compounds of Cuprous Oxide. L. Bkrczeilbk 
(Biochcifi- Zeitsch., 1919, 93, 230 — 237). — In precipitating cupric 
hydroxide from cupric salts with sodium hydroxide, some of the 
alkali is adsorbed by the cupric hydroxide. The black hydroxides 
adsorb more of it than the blue ones. Iodate ions are also' adsorbed 
by cupric hydroxide, but iu this case the blue hydroxides adsorb 
more of it than the black. The presence of sugar prevents the 
adsorption of sodium hydroxide by cupric hydroxide. S. S. Z. 


Estimation of Small Quantities of Sugar in the Presence 
of the Higher or Lower Products of Protein Degradation. 

Eatvin Last (Miochem. Zeitsch., 1919, 93, 66— 82).— The higher 
products of protein degradation, such as albumoses and peptones, 
the presence of which interferes with the estimation of sugar, can 
be removed by means of mercuric chloride in neutral solution. The 
sugar can then be estimated by Bertrand's method. In the presence 
of acids, the precipitation of these products is incomplete. An 
excess of mercuric chloride must also be avoided in order to ensure 
good results. Two gram? of mercuric chloride per gram of peptone 
are found to be a suitable quantity. The presence of mouoamino- 
acids does not affect the accuracy of the sugar estimation by 
Bertrand's method; ereptone, however, doe? influence the results. 
This is due to the special atomic grouping iu ereptone, which, on 
boiling with alkali hydroxide, liberates ammonia, and this dissolves 
some of the cuprous oxide. Ereptone can be removed from sugar 
solutions also by precipitation with mercuric chloride in neutral 
solution. The removal of both the higher and lower products of 
protein degradation with mercuric nitrate according to the Patein- 
Dufau method conduces to accurate results. S. S. Z. 


Estimation of Lactose in Altered Milks. E. Hei.dt 

(Ml. Soc. chim., 1919, fiv), 25 . 617— 621).— A more detailed 
account of work already published (compare A., 1919, ii, 841. 
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Modification, -Jol , 3 , the Phenylhydrazine Method ,of 
Estimating Pentosans. Paul Menaul and C. T. Dowell 
(, J . Ind. Eng. Chem., 1919, 11, 1024— 1025).— The material is 
distilled with sulphuric acid instead of hydrochloric acid, and the 
furfuraldehyde is estimated in the distillate by precipitating with 
a known excess of phenylhydrazine, filtering off the hydrazone, and 
determining the excess of phenylhydrazine in the filtrate. Por this 
purpose, an aliquot part of the filtrate is heated with ammoniacal 
copper sulphate solution, and the nitrogen evolved is measured, the 
reaction previously employed by Ebler for the determination of 
hydrazine (A., 1906, ii, 53) being quantitative also in the case of 
phenylhydrazine. [See, further, J , Soc. Chem. ind., 1920, 170a. j 

J. H. L. 

A Microchemical Method for the Estimation of 
Acetone. M. Richter-Quittner ( Biochem . Zeitsch., 1919, 93. 
163— 172).— A microchemical method in which 1—2 c.c. of urine 
and 1-5—3 c.c. of alkali need only be used. The urine is distilled 
once with steam in the presence of acetic acid, and a second time 
with dilute sulphuric acid. Blood or plasma need only be distilled 
once, and instead of the steam, air is passed through the heated 
flask. The titration of the distilled acetone is carried out with 
.V/ 100-iodine and .¥/ 100-sodium thiosulphate. 01 Mg, of acetone 
iu 100 c.c. can be estimated with accuracy by this method. The 
quantity of urine and blood used must contain not less than 0-01 mg, 
of acetone. 8- Z. 


Microchemical Reactions of Veronal, Luminal, and Pro- 
ponal . L. van Italli F.and A. L. \V. K. van per V bed (Pharm. Weckblad, 
1919, 56, 1112—1117; /. Pharm. C'him., 1919, [vii], 20, 337—313). 
—Small traces of the derivatives of barbituric acid separated from 
urine by treatment with lead acetate and hydrogen sulphide may 
be converted into an easily identifiable, crystalline form by 
sublimation. Veronal may be separated as inonoclinic crystals from 
its solution in sodium hydroxide by the addition of an acid, 
potassium dichromate, or ammonium phosphate. Lead acetate 
gives au amorphous mass, which becomes crystalline on boiling, 
Ammoniacal silver nitrate gives an irregular crystalline mass ot 
large, simple crystals of veronal-silver. With thallium ultra e. 
crystals of veronal-thallium are formed. Luminal and propona 
have only to be separated in the uncombined state. A crystal o 
ammonium phosphate introduced into a drop of a solution o 
in sodium hydroxide causes the separation of the free acids iiv to 
form of drops which only gradually change into crystals, ^ , 
rhombic. 

Estimation of." Saccharin " in Urine. George S. 

(/. Biol. Chem., 1920, 41. 3 - 8 ).-Urine is treat* Mg * 
acetate and filtered. After acidifying with Mrochbsncaa 
"saccharin” is extracted by ether, the ether removed y 
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ition, and the “saccharin” extracted from the residue by ether. 

The ether is removed, and the resulting residue is fused with sodium 
carbonate. From an estimation of sulphur in the fused product, 
the amount of “saccharin" may be deduced. J. C. D. 

The Estimation of Aniline in Commercial Anilines. 

William James Sandehson and William Jacob Jobes ( J . Soc. 
Chem. lnd., 1920, 39, 8t). — A method of estimation is given which 
is based on a determination of the freezing point of the sample. 
The purity is deduced by reference to a table, which is provided, 
showing the freezing points of dry mixtures of aniline with varying 
proportions (1—7% by weight of the mixture) of each of benzene, 
phenylhydroxylamine, nitrosobenzene, p-aminophenol, nitrobenzehe, 
o- or y-toluidine, m-phenylenediamine, and xylidine. J. K. 

Formaldehyde Titration of Amino-acids in Aqueous 
Solutions or in Urine. W. Mkstiiezat (Bull. Soc. Ckim. Biol., 
919 1, 107 — 113). — The methods employed by Ronchese (cited by 
Uaillard, Conipt. rend. Soc. Biol., 1911, 61, 653) are insufficiently 
iccurate. J. C. D. 

Urea and Hypobromite. 1,. Lescoiuii (J. Pham. C 'him., 1919, 
20 , 305—314, 343 — 351, 374- 381). — The volume of nitrogen 
liberated by the action of alkaline hypobromite solution on nrea is 
always less than that required by theory ; too low results are also 
found if the urea is calculated from the amount of carbon dioxide 
formed or of the hypobromite used in the reaction. The deficit is to 
some extent dependent on the proportion of free alkali present, and 
decreases, but never quite disappears, as the quantity of free alkali 
is increased ; it appears to be due to the conversion of a part of the 
urea into sodium cyanate. W. P. S. 

Ureometer. P. Sbyot(.4hh. Chiin. anal.. 1920, [ii], 2, 11—13). 
—The apparatus consists of a graduated tube open at its lower end, 
whilst the upper end, above the zero point, is bent over and down- 
wards for a short distance, where it is blown out to form a bulb. 
A short side-tube with a tap is provides! at. the top of the bend. 
The bulb has a tubulure at the side into which is ground the neck 
of a small cylindrical bulb. The latter contains the hypobromite 
solution, whilst the urine or other liquid under examination is 
placed in the larger bulb. The whole apparatus is placed iu a 
cylinder of water, the level of the latter then adjusted to the zero 
point by manipulating the tap, and the smaller bulb then turned 
(by means of the ground-in joint) so that the hypobromite solution 
raises with the urine in the larger bulb. The evolved nitrogen 
displaces water from the graduated tube, and the volume of the 
nitrogen is noted after the water-level has been adjusted. If 
1'3 c.c. of urine is taken for the estimation, each c.c. of nitrogen is 
equivalent to 1 gram of urea per litre of urine. V . P. S. 
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Identification oi Traces of Hydrocyanic Acid. L. Chellk 
(Bull. Hoc. Fharm., Bordeaux, 1219; from Ann. C 'him. anal., 
1920, [ii], 2, 21 — 24. Compare A,, 1919, ii, 529). — The following 
testa’ may be used for the identification of traces of hydrocyanic 
acid : Fhthalein test.— A red coloration is obtained when a cyanide 
solution is treated with a drop of alkaline phenolphthalein solution 
reduced previously with zinc, and a drop of 0T% copper sulphate 
is added, is oPurpurate test .— If a cyanide solution is heated with 
the addition of alkaline picric acid solution, an orange coloration 
develops after a few hours. Ammoniacal silver iodide teat. — The 
reagent is prepared by diluting a mixture of 10 c.c. of A/ 1000- 
silver nitrate solution, 2 c.c. of ammonia, and five drops of 19% 
potassium iodide solution to 100 c.c.; this reagent gives a turbidity 
with a cyanide solution. For instance, if a turbidity is obtained 
when 1 c.c. of the cyanide solution is treated with 0-2 c.c. of the 
reagent, less than 0’001 mg. of hydrocyanic acid is present; with 
0 005 mg. of hydrocyanic acid, 1 c.c. of the reagent is required. 
Perrocyanide lest — This is the most characteristic reaction of 
hydrocyanic acid ; it may be used for the identification of hydro- 
cyanic acid in silver cyanide and mercuric cyanide. W. P. 8, 


Sensitiveness oi some Cyanide Reactions. Johx B. 
Ekeley and Icie C. Macy ( Proc . Colorado Sci. Soc., 1919, 11, 

■jgg 074 ) Working directly with solutions of potassium cyanide, 

the Prussian blue test gives positive results (a blue precipitate on 
keeping at a dilution of 1:7x10* (at about 1:17x10* for 
hydrogen cyanide). One hundred c.c. of potassium cyanide solu- 
tion ( 1 : 7 x 10 s ) give a definite result after acidifying with 10 c.c, 
of 1 % tartaric acid and distilling off about 2 c.c. ; this corresponds 
with a dilution of hydrogen cyanide about 1 : 1*7 x 10 6 . The hang- 
ing-drop method with silver nitrate gives positive results with solu- 
tions of potassium cyanide ( 1 : 8 x 10 ®, corresponding with hydrogen 
cyanide at a dilution of about 1 :19x 10 «) when 100 c.c. are exposed 
to the droo of silver nitrate for fifteen minutes. The bchonbem 
test eives positive results with potassium cyanide solutions at a 
dilution of 1 : 18 x 10« in the light and 1 : 23 x 10' in the dark 
(equivalent to 1 : 43 x 10 6 and 1:55 x 10', respectively, for hydrogen 
cyanide). This test should be performed in closed vessels m tie 
dark to secure trustworthy results, and only at extreme dilutions 
does it indicate the presence of hydrogen cyanide and exclude Me 
presence of other substances (chlorine, bromine, hydrogen peroxide, 
hydrogen chloride) which are known to respond at high concentr 
!/ ° ’ Chemical Abstbacts. 

toons. 

Estimation and Separation o! Pyridine and Ammonia, 

E. B. It. PBIBEACX (Tram. Parwhy .Soc., > 919 ' ; M '[ 

— Precise information as to the conditions for _ * of the 

pvridine and of ammonia in the presence ol p i;. 

separation of the two by distillation, has been 
cation of the electrochemical theory. Congo-red is the » 
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indicator for pyridine, and nitric acid the best acid. A correct 
indicator for the titration of ammonia in the presence of pyridine 
is a-naphtholphthalein. Both ammonia and pyridine are estimated 
with sufficient accuracy provided that pyridine is not present in 
excess. Rosolic acid may be used if the bases are titrated directly, 
and the pyridine is present in amount considerably less than the 
ammonia. Ammonia and pyridine may be partly separated by 
distillation from a solution of which the acidity is maintained at 
about p H =3 t° 4 (reddish-brown to Congo, orange to methyl- 
orange). The first part of the distillate contains most of the 
pyridine, the second most of the ammonia, so that the titrations 
just described may be used. J. R. p. 

Estimation of Indole in Biological Media. Harper F. 

Zoller (•/. Biol. Ckem,, 1930, 41, 25 — 36). — The usual preliminary 
steam distillation of the indole solution is abandoned and replaced 
by direct distillation, care being taken to have the solution adjusted 
to a hydrogen-ion concentration of p K 9-2 (see this vol., i, 250). 
The distillation is continued until all but about 10 c.c. have been 
driven over, the distillate being collected in a 100 c.c. volumetric 
flask and made up to the mark. A portion of the distillate con- 
taining not more than 0-20 mg. of indole is measured into a test- 
tube of convenient size, and two drops of l’Ofli solution of sodium 
nitrite and five drops of concentrated sulphuric add are added, 
The tube is shaken and left for five minutes for the nitroso-reaction 
to approach equilibrium . The contents are then extracted with 
three portions of 3 c.c. of isobutyl or uoamyl alcohol, each portion 
being drawn off with a pipette and placed in a test-tube having a 
10 c.c. graduation. is-oButyl or isoamvl alcohol is then added to 
bring the contents of the tube up to 10 c.c., and the colour is 
matched against a series of standards prepared by similar treat- 
ment of solutions containing a known amount of pure indole. 

The method is stated to be simple, trustworthy, and rapid. The 
relative sensitivities of Herter's naphthaquinone reaction and the 
nitroso-reaction were found to be 1:2,000.000 3nd 1:1.500.000 
■ respectively. 

A warning is sounded against the use of the vanillin test pro- 
posed by Steensma (A., 1906. ii. 315). 

The rate at which the equilibrium of the nitroso-indole reaction 
is reached depends on the factors of concentration and temperature. 
At temperatures from 30 — 90°, the full depth of colour is obtained 
in a few seconds, but higher temperatures tend to destroy the 
coloured compound when in aqueous solutions. In pure isobutyl 
alcohol the colour is not destroyed bv healing for several hours at 
100°. In actual analyses, the test- should not he carried out at- 
temperatures above 30°. J. C. D. 

Detection of other Cinchona Alkaloids in Salts of Quinine. 

I- M. Kolthoff (Pharm. Wtekhlad, 1919, 56. 451 — 459).— Kerner 
end Weller’s method has many disadvantages, and only gives 
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accurate results under ee&ain conditions. The following method 
is Suitable for quinine sulphate, but is inapplicable to other salts 
0'5 Gram of quinine sulphate is boiled gehtly for one minute with 
250 mg. of sodium sulphate and 10 c.c. of water. Water is then 
added to restore the original volume, and the mixture cooled to 15° 
with shaking. The liquid, with the precipitate, is kept below 18°' 
for twenty-four hours, and then filtered through glass wool. Thre 
drops of 4Y-sodium hydroxide are added to the filtrate, which f 
then heated on the water-bath for half an hour. After twelve hours 
the solution is examined for the presence of a precipitate The tesl 
is sensitive to 1% of cinchonidine. In regard to the nitroprusside 
test, the author does not confirm Kruyese’s opinion of its sensitive 
ness, and failed to devise a means of increasing this. De Vrii’= 
chromate test is considered to be a suitable substitute for Keener 
and Weller's method. For quinine bisuiphate. 0'5 gram is boiled 
with 20 c.c. 2Y-sodium acetate until the liquid is clear Then 
3 c.c. of 10% potassium chromate are addfei^ and further treatment 
is carried out by de Vrij’s method. For quinine, 0’5 gram is 
taken, together with 3 c.c. of Y-sulphuric acid and 20 "c.c. of 
2-Y-sodium acetate, and the test continued as above. Quinine 
hydrochloride may be tested exactly as described by de Vrij 

W. J.W. 

Estimation of Albumin in Urine. Otto Mayer {Ze.itscli 

final. Chem.. 1919. 58 . 337—346) - A reagent described previous!’ 
by the author (A., 1914, ii. 80) for the estimation of albumin ii 
urine is altered in composition in order to render it more sensitive 
Ten grams of mercuric chloride. 65 grams of sodium chloride, anc 
25 grams of citric acid are dissolved i.> 500 c.c. of hot water and th< 
solution is filtered after a few davs. This solution will give a rinf 
reaction in about ten minutes with as lit tie as 0'0002% of albumin 
whilst 0-001% of albumin is denoted bv the appearance of a turbid 
zone within three minutes. If the urine contains more than O’OOl 1 ’! 
of albumin, the test is repeated after dilution until the reaction ii 
just observable, and the nuantitv of albumin present then calculated 
from the degree of dilution. W. P. 8. 

Estimation of Catalase in Blood. Meyer Bodaxsky (J. 
Jlinl. Chem.. 1919, 40 , 127- 130), -Tn making estimations of cata- 
lase bv the method employed by Burge (Amer. J. Ph final., 1916 
41 . 153), it was found that different samples of hydrogen peroxide 
often gave results which differed bv 15- -35",',. It was experiment- 
ally shown that the reaction of the medium is one important factor 
in determining the activity of catalase. Consequently, raid inn must 
b» exercised in maintaining uniform conditions when a, series of 
determinations are being made. 6 C. D 








